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KINETICS OF THE FADING OF CHRYSOIDINE UNDER ULTRASONICS 
By SATYA PRAKASH AND SHEO PRAKASH 


The fading of the colour cf chrysoidine dyestuff at concentrations 0.016 g , 0.014 g., 0.012 g- and 
0.028 g. per litre under the influence of ultrasonic waves from Mullard'’s generator with barium 
titanate crystal having a frequency of 1Mc/sec, and energy input of 225 W. has been studied and the 
reaction found to be unimolecular, the average velocity constants being respectively 0.221, 0.238, 
0.243 and 0.285. The fading is not due to the production of hydrogen peroxide. The high cavitation 


energy appears to be responsible to break upthe molecules of chrysoidine, resulting in fading of the 
colour. 

In an earlier communication from this laboratory, the present authors have 
recorded their results on the decomposition of Congo red in presence of ultrasonic 
waves. The study of dyestuffs in relation to ultrasonic waves has been the subject 
of investigation by several workers (Olson and Garden, J. Amer. Chem. Soc., 1932, 
64, 3617; Liu and Wu, ibid., 1932, 54, 791 ; Murano, J. Microbiol. Pathol., 1942, 36, 
ro10 ; Azami and Hinohara, J. Chem. Soc. Japan, Pure Chem. Sec., 1951, 72, 453; 
Freun ilich and Gilling, Trans. Faraday Soc., 1936, 32, 966). Desai and Vaidya 
(this journal, 1954, 81, 389) studied the photofading of chrysoidine and found it to 
obey the parabolic law. They have also investigated the effect of hydrogen peroxide 
on photofading. The results on the kinetics of fading of chrysoldine in the presence 


of ultrasonic waves are reported herein. 


ExPERIMENTAL 


Solutions of chrysoidine ‘Kahlbaum sample) were prepared in distilled water, A 


solution (20 c.c.) of known concentration and distilled water (5 c.c.) were taken in a 
flat-bottomed, ground-stoppered Jena glass bottle which was held vertically above the 
ultrasonic beam. ‘The source of ultrasonic power was a high frequency ultrasonic 
generator of Mullard type E-7562 with a 1.5 K W. oscillator. Barium titanate crystal 
was used as transducer, the frequency being 1 Mc/sec. ‘The electrical input was 
225 watts. The solutions were irradiated for different periods and observations noted, 
The effect of hydrogen peroxide on chrysoidine solution for comparison was studied 
by adding 1¢.c. of hydrogen peroxide of known strength to the known volume of the 
unexposed chrysoidine solutions and the obse‘vations recorded. Their radiation in 
presence of hydrogen peroxide was also studied by exposing the chrysoidine solution 
‘o which 1¢.c. hydrogen peroxide of known strength was added, keeping volume the 


same as in other cases. ‘The colorimetric readings were recorded by means of the 
Klett-Summerson photo-electric colorimeter, using the filter No. 44 covering a range of 


wave-lengths 410-480 mp (since the maximum absorption of chrysoidine is 461 mp). 
Solutions of various concent,ations of the dyestuff were prepared and the colorimetric 
readings noted. These were used in extrapolating the concentrations of the dyestuff 


in Table II (A-D). 
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Conc. of chryscidine 0.0160 
(in g./litre) 
Col. reading 575 
Col. reading. Conc. 


Exposure. 


TABLE I 


0.0150 0.0100 0.0060 0.002) 


545 385 
TABLE II 


K (unimol. 


(extrapolated). at 36°). 


A. Chrysoidine soln. = 0.016 g./litre. 


o min. 5;0 
20 292 
42 147 
60 
80 69 

100 60 


0.0159 
0.0082 
0.0042 
0.0027 
0.0020 


0.0018 


0.222 
0.218 
0.225 
0.238 


0.203 


(Av.) 0.221 


C. Chrysoidine soln. = 0.012 g./litre. 


o min, 455 
10 380 
20 220 
40 110 
70 62 
80 44 


Time. 


o min. 


0.0127 
0.0106 
0.0062 
0.0032 
0.0019 


0.0013 


Col. reading. Sp.cond. * 


o min. 252 0.0071 
0.275 0.429 

10 132 0.0038 
0.235 0.292 

20 94 0 0028 
0.228 0.2972 

49 51 0.0015 
0 219 0.272 

60 34 0.0010 

© 260 
(Av,) 9.243 (Av.) 0.285 
Effect of hydrogen peroxide on chrysoidine ‘in absence of ultrasonics). 
Chrysoidine soln.=0,008 g./litre. 

Col. reading. Sp cond. Col. reading. Sp cond. 
at 35° X1- at 35° x10! 
cm~!. 

.0342N. H,0_=0 0137N. 
252 252 0.122 
330 300 0.202 
335 305 0.208 
335 oe 305 0.208 
335 ceo 305 0.208 


at 35° X10! 
ohm ! 
H,0,=0.0684N. 
252 0.122 
330 0.416 
340 0.521 
345 0.527 
345 0.527 


345 


0.527 


206 6 6S 
Exposure. Col. 
reading. 


0.0015 0.0010 


5° 33 


Cone. K (uni- 


(extra- mol. at 
polated). 36°). 


B. Chrysoidine soln. = 0.014 g./litre. 


o min. 490 
10 440 
20 242 
40 114 
60 71 
80 57 


0.0136 

0.256 
0.0123 

0 230 
© 0068 

0,236 
0.0033 

0.248 
0 0021 

0.224 
0 0017 


(Av.) 0.238 


D. Chrysoidine soln. = 0.008 g./litre. 
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1V 


Effect of ultrasonic waves on a mixture of chrysoidine and hydrogen peroxide, 
Chrysoidine soln.= 0.012 g./litre. H.O0,=0.0342N. 


Exposure. Colorimetric readings Concentrations. K (enimol.), 
without H,O,. with H,O,. (extrapolated) 
(A) (B) (A) (B) (A) (B) 

o min. 455 510 0.0127 0.0141 
. 0.275 0,281 

10 . 380 415 0.0106 0.0115 
0.232 0.219 

20 220 266 0.0062 0.0074 
0.258 . 0.245 

40 110 115 0.0032 0.6033 
0.219 0.331 

jo 62 45 0.0019 0.0014 
0.260 0.405 

80 44. 33 0.0013 0.0010 

TABLE V 


Changes in PH and conductivity of chrysoidine solution exposed to ultrasonic waves. 
Chrysoidine soln. = 0.008 g./litre. 


Sp. cond. 
Exposure pH. at 35° x 108 
ohm“! 
o min. 7.10 0.122 
10 6 30 0.245 
20 5.05 0 416 
40 4-10 0.753 
60 3.82 Q.901 


DISCUSSION 


The colorimetric readings recorded in Table I show that these are almost proportional 
to the concentrations of the dyestuff. To be more exact, we have used the graph to 
extrapolate the concentrations of the dyestuff at different colorimetric readings. The 
results recorded in Table II show that the fading of chrysoidine solution is of the uni- 
molecular order. The values of the constant K are slightly increased as the concentration 
of the dyestuff is lowered, e.g., the valuess of K for concentrations 0.016, 0.014, 0.012 
and 0.008 g. of the dyestuff per litre are respectively 0.221, 0.238, 0.243 and o 285. 


As hydrogen peroxide is produced in sinall concentrations, when ultrasonic waves 
are passed through water, it is worthwhile investigating the influence of hydrogen peroxide 
on the fading of this dyestuff. ‘The concentrations of hydrogen peroxide tried were 
0.0684N, 0.0342N and 0.0137N. In all these cases, we find that the colorimetric readings 
slightly increase for a few minutes and then become constant. ‘The conductivities also 
show the same behaviour. In Table 1V are recorded the results of our study of the 
influence of ultrasonic waves on this dyestuff in presence of a small concentration of 
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hydrogen peroxide (0.0342N) added from outside. The results show that the presence 
of a small amount of hydrogen peroxide intensifies the colour of the dyestuff, but under 
the influence of ultrasonic waves the dyestuft shows the fading in a disorderly manner. 
The values of K obtained on the basis of the unimolecular formula show that the reaction 
does not exactly remain unimolecular. We are of the opinion that the high energy of 
cavitation is responsible in breaking the molecule of the dyestuff, and thereby causing 
the fading. 

The authors express their thanks to the Scientific Research Committee, Uttar 
Pradesh, for awarding a research grant for this work. 
CHEMICAL LABORATORY, 


UNIVERSITY OF ALLAHABAD, Received June 9g, 19:9. 
ALLAHABAD. 
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OXIDATION OF OXALIC AND CITRIC ACIDS BY DICHROMATE 
IN PRESENCE OF MANGANOUS SULPHATE 


By K. CHATTERJEE AND B. P. GYANI 


Potentiometric titrations of oxalic and citric acids with potassium dichromate in presence of strong 
sulphuric acid (6 to 14N) and excess of manganous sulphate 0.3 M) have been successfully carried out at 
room temperature (32°). Quantitative oxidation of these organic acids has thus been found possible. 

Steady potentials are easily attained in the case of oxalic aci | titrations and steep inflections corres- 
ponding to 3 moles of acid per mole of Gichromate are obtained. Reaction with citric acid has, however, 
been found to be very slow, and steady potentials are obtained only hours after addition of each volume 
of the titrant. The inflections are steep and correspond to 1 mole of the acid per 3 moles of dichromate, 
showing complete oxidation. lormation of intermediate oxidation products (not in their turn easily 
oxidisable) is indicated by the slow rate of the oxidation process. Action of manganous sulphate is found 
to be catalytic. The reactions in absence of manganous sulptate are too slow at ordinary temperatures 
to be of any practical value. 


Organic acids, like the oxalic and the citric, are only slowly oxidised by dichromate. 
Consequently, direct titrations of these acids with dichromate at ordinary temperature 
have not been carried out with success. 

Permanganate oxidises these acids rapidly and quantitatively in hot solutions and, 
in the case of oxalic acid, Skrabal (Z. anorg. Chem., 1905, 42, 1) has attributed the 
increased rate of oxidation to intermediate formation of manganous ions. Dhar (J. 
Chem. Soc., 1917, 111, 707) later showed that the rate of oxidation of oxalic acid by 
dichromate was much accelerated by the presence of manganous ions. ‘The kinetics of 
this catalytic oxidation was further investigated by Chakravarty and Ghosh (this 
Journal, 1957, 34, 841). The possibility of utilising this reaction for determining oxalic 
acid does not seem to have been explored earlier. 


Dey and Dhar (Z. Elektrochem., 1926, 82, 586) have shown that citric acid reduces 
permangauate kinetically in the same manner in which other organic acids, like oxalic, 
tartaric etc., reduce it. This tends to point to the fact that the manganous ion might 
have a role to play in citric acid oxidation also. A study of dichromate oxidation of 
citric acid has not so far been attempted, presumably, due to the process being extremely 
slow. 

The following titrations were taken up to find out whether in presence of a catalyst 
like manganous sulphate, dichromate could oxidise quantitatively oxalic and citric acids, 
and also to investigate the nature and extent of such oxidation. 


ExFERIMENTAL 


‘The apparatus and procedure were similar to those described by Gyani and Prasad 
(this Journal, 1955, 82, 313). ‘Tall lipless beakers were used in place of three necked 
bottles as reaction vessels and the reaction mixtures were thoroughly shaken by a magne- 
tic stirrer, All the reagents used were of A.R. grade. The titrations were all performed 
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at the room temperature (32°). 0.005M-K.Cr.0, {100 c.2.) in H,SO,, made 0.3M 
with respect to MnSO,, was titrated with M/2 oxalic acid or M/18 cittic acid. The 
H,SO, concentrations in both the sets of titrations were : (A) 6N, (B) 8N, (C) 10N, 
(D) 12N, (E) 14N. The corresponding curves for oxalic acid and citric acid titrations 
appear in Figs. 1 and 2 respectively. 


Fic. i Fic. 2 
# | 
L 
\ at, 
4 
Al Bl a 10N| 12M 14N 
§ { 
d 
Moles acid/mole dichromate. M_les dichromate|mole acid. 


Appearance of a deep purple colour on mizing K,Cr.U;, H.SO, and MnSO, solutions 
indicated oxidation of Mn** to Mn**, to complete which process the reaction mixtures 
were stored in a dark place for 24 hours before titration. Mixtures (D, and (E) were, 
however, immediately titrated, as a precipitate appeared on kveping. ‘The depth of the 
red colour gradually decreased as the reductant was added and finally changed over to 
brilliant green at the point of equivalence. An effervescence, obviously due to CO,, was 
observed till the inflection occurred. 


Steady potentials were quickly set up in titrations with oxalic acid. During titra- 
tions with citric acid, however, as much as 12 to 15 hours’ time was required after 
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addition of each volume of titrant, the interval increasing to 24 hours near the equiva- 
ence point. The total time required to complete one such titration thus extended to 
several days. 

It will appear from Figs. 1 and 2 that, whereas one mole of dichromate can oxidise 
three moles of oxalic acid, it can oxidise only one-third of a mole of citric acid. This 
behaviour is independent of sulphuric acid concentrations (6N-—14N). Below 6N-H.SO, 
the results were not reproducible. 


x 


Since the dichromate is finally reduced to chromic sulphate and carbon dioxide 
is produced, a simple mode of expressing these observations in the case of oxalic acid 
will be : 


K.Cr,0, + 3H,C.0, + 4H.SO, = Cr,(SO,), + K,SO, + 7H.0 + 6CO, ... (i) 


This equation requires three moles of oxalic acid per mole of dichromate, which agrees 
with our results. The oxidation is therefore complete, and also rapid. 


In the case of citric acid titrations, one may, for similar considerations, write down: 
3K,Cr.0,; + H;C,.H;0, + 12H,SO, = 3Cr2(SO,)s 3K2S0, + 16H,0 + 6CO, (ii) 


The experimental results again agree with the theoretical expectations, if this be 
the correct representation. 

The oxidation of citric acid is very slow in spite of the catalyst. This may be 
ascribed to the formation of primary oxidation products, like acetone, which are not easily 
oxidisable. ‘I‘his suggestion is in accordance with the results obtained by Wohlk (Z. 
anal. Chem., 1902, 41, 77) in his study of the oxidation of citric acid by permanganate. 
However, our working temperatures are much lower, and it is doubtful whether acetone 
at this temperatures could be oxidised to carbon dioxide. The detailed mechanism 
therefore deserves further consideration. 

It is to be noted that complete and quantitative oxidation of these crganic acids is 
only effected in presence of an excess of manganous sulphate. The present authors 
(this Journal, 1957, 34, 721) have found that dichromate first oxidises Mn** quantitatively 
to Mn** thus: 

K,Cr,0,; + 6MnSO, + 7H,SO, = Cr.(SO,)s + 3Mn,(SO,); + K,SO, + 7H,0 (iii) 


The mechanism of this oxidation is, however, not very easily explained, though 
Chakravarty and Ghosh (Proc. Nat. Acad. Sci., India, 1957, 26A, 41) have obtained 
Mn,(SO,),; in 7.5M-H,SO, by dichromate oxidation of Mn?*. The equivalent quantity 
of Mn**, thus generated, may now be considered to oxidise the oxalic and citric acids, 
and, as a result, be reduced back to Mn’*. ‘The total concentration of Mn’*, according 
to this view, would not change on completion of oxidation. The role of Mn** may 
thus be assumed to be catalytic. 

A higher oxidation potential of the Mn** — Mn** electrode (Iatimer, ‘Ihe Oxida- 
tion States of Elements and their Potentials in Aqueous Solulions’’, pp. 340-45. Prentice 
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Hall, New York, 1952) would suggest a reason why the Mn** ion should prove to be so 
much more effective than dichromate in oxidising the weakly reducing organic acids. 
Intermediate formation of complex compounds of Mn**t with these acids might also be 
yet another important factor to reckon with. It may be pointed out that the tendency 
of the trivalent mauganic ion to enter into complex formation with organic acid anions 
has been frequently affirmed. 


The authors thank Professor N. K. Basu for his kind interest in this work. 
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STUDIES IN INDIGOID DYES. PART XXII. THIOINDIGOID DYES DERIVED 
FROM DIBENZOFURAN-2-SULPHONIC ACID 


By PARESH CHANDRA DuTTrA AND BHUDEB CHANDRA DASH 


Hitherto-unknown 2 :3-dibenzofurano-3’-hydroxy-1’-thiophene has been prepared from dibenzofuran- 
2-sulphonic acid and condensed with various o-diketones to obtain thioindigoid dyes, with a view to 
studying colour and its relation to chemical constitution. 


A systematic study of the relation between colour and chemical constitution of 
thioindigoid dyes is being made by one of the authors (P.C.D.) in these series of 
papers. The present communication deals with thicindigoid dyes derived from di- 
benzofuran-2-sulphonic acid. In a separate communication (this issue, p. 632) the 
preparations of dibenzofuran-2-thiol and some of its derivatives have been described. 
The dibenzofuran-2-thiol has now been converted into its thioglycollic acid by reaction 
with monochloroacetic acid. This acid through its acid chloride has been cyclised 
by anhydrous AICI, to the thioindoxyl, 2:3-dibenzofurano-3’-hydroxy-1’-thiophene. 
The thioindoxyl undergoes oxidation easily, producing the bis-indigo and condenses 
at ease with o-diketones in acetic acid solution in presence of traces of HCI, affording 
thioindigoid dyes. ‘These thioindigoid dyes are insoluble in alcohol, slightly soluble 
in glacial acetic acid and moderately soluble in pyridine, nitrobenzene and xylene. 
These do not melt below 300°, and excepting the isatin compound, are not soluble in 
alkaline hydrosulphite, showing thereby that these are practically useless as vat dyes. 

A study of the absorption maxima with other similar dyes (this Journal, 1954, 
31, 827; 1956, 33, 410), as reported in Table I, reveals that these dyes are the 


deepest in colour. 


‘TABLE I 
Name of the dye. Amax Name of the dye. iii 
(xylene. (xylene), 
2-(Thi naphthene)-3’-indol-indigo ... 49008 = 2-(Thionaphthene)-2’-acenaphthylene-indigo ... soooA 
2-(5-Phenylthionaphthene)- _,, 5200 2-(5-Phenylthionaphthene)- 
2’-(2:3-Dibenzofuranothicphene)- ,, 535° 2'-(2:3-Dibenzofuranothiophene)- 
2-(Thi naphthene)-9’-phenanthene)-,,.... 5400 2-(Thionaphthene)-1’-aceanthrylene- ,,  ... 4900 
2-(5-Phenylthionaphthene)- §600 2-(5-Phenylthionaphthene) 4950 
2-(4:5-Fluorenothiophene)- » 2-(4:5-Fluorenothiophene)- 
2’-(2:3-Dibenzofuranothiophene)- 5600 2’ (2 :3-Dibenzofuranothiophene)- 5250 
bis-(Thionaphthene)-ethylene- ,, §200 bis-4:5-Fluorenothiophene)-ethylene-  ,, 5400 
bis-(5-Phenylthionaphthene)- bis-(2:3-Dibenzofuranothiophene) - 
ethylene ,, 5400 ethylene ,, 5550 


Again, it is also revealed that in these dyes, without exception, the batho- 
chromic effect is in the following order: phenanthrene-indigos > ethylene-indigos > 
acenaphthylene-indigos > indol-indigos > aceanthrylene-indigos. It appears therefore 
that conjugation, which plays an important role in the development and deepening 
of colour, is the real factor in determining the depth of colour in these dyes—the 
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longer the conjugation between the two chromophores > C = O, the deeper is the 
colour, The conjugation ieads to a greater number of theoretically possible resonance 
forms of the structure of the dyes, causing mobility on the electrons of the 
chromophoric system with consequent increase in intensity of light absorption and 
displacement of the absorption maxima to longer wave-lengths, and hence, the 
phenanthrene-indigos having highest conjugation have invariably the deepest colour. 

2’ : 2’-bis-(2 :3-Dibenzoturanothiophene)-indigo, being an indigo, is, as expected, 
deeper in colour than its isomer, 2’ :3’-bis-(2 :3-dibenzofuranothiophene)-indigo, 
belonging to the indirubine class. 

The cyclisation of dibenzofuran-2-thioglycollic acid chloride to the thioindoxyl 
may take place in 1- or 3-position of dibenzofuran ring, but the 3-position has 
been accepted following Gilman’s finding in the case of §-(2-dibenzofuryl)-butyrtc 
acid (J. Amer. Chem. Soc., 1939, 61, 2836). 

‘The structures of the compounds described ‘may be represented as ; 
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EXPERIMENTAL 


Dibenzofuran-2-thioglycollic acid was prepared by first making a paste of di- 
benzofuran-2-thiol (10 g.) with water and triturating it with 2N-NaOH (30 c.c.) and 
adding the resulting solution to monochloroacetic acid (5 g.), previously neutralised 
with a solution of sodium carbonate. ‘The mixture was diluted with more water 
(100 c.c.) and warmed on a water-bath for 1 hour. After further dilution with 
water (200 c.c.), the mixture was filtered, residue washed with hot water and the 
filtrate acidified. The residue was once again extracted with water, filtered hot 
and the filtrate acidified. Th combined white precipitate of thioglycollic acid was 
filtered and washed. Yield of the crude product was 11.4 g. For purification, the 
precipitate was treated with a cold solution of sodium bicarbonate when it gradually 
went into solution. The solution was filtered and acidified to Congo red. The 
white crystalline precipitate, thus obtained, was recrystallised from dilute alcohol 
in white needles, m.p. 133°. (Found: C, 65.01 ; H, 3.91. Cys4H:.0;5 requires C, 65.11 ; 
H, 3.87%). 

2 (1).—The above dried and finely 
powdered acid (3.87 g.) was suspended in petroleum ether (b. p. 50-60°, 
35¢.c.), treated with PCI; (3.12 g.) and warmed on a _ water-bath for an hour 
(when most of the acid went into solution as acid chloride). The filtrate was 
then carefully cooled in ice, when the acid chloride separated out as_ rosettes of 
white needles, m.p. 72-72.5°. ‘The supernatant liquid was poured out, the crystals 
were washed with cold petroleum ether and redissolved in petroleum ether (30 c.c) 
by warming. The solution was next treated with finely powdered anhydrous 
AICI, (3.2 g.) and warmed on a water-bath for 6 hours. The AICI, formed immediately 
a red complex which gradually turned chocolate. After the reaction had been 
over, the petroleum ether was poured out and the chocolate complex decomposed 
by crushed ice, followed by addition of HCl. The sticky yellow mass was filtered, 
washed with HC] and water. As it underwent oxidation very easily, it could not 
be purified further. Yield was poor. It dissolved in acetic acid with a yellowish 
brown colour, leaving some quantity of tar. The clear acetic acid solution was 
used for condensation with various o-diketones. The indoxyl io alkali solution 
produced with potassium ferricyanide a chocolate precipitate of the bis-indigo. 


2’-(2 :3-Dibenzofuranothioplene)-3'-indol-indigo (IIa).—The separate acetic acid 
solutions of the indoxy! and isatin were mixed together and treated with HCl 
(conc., 1¢.c.) and boiled for 15 minutes. On the addition of HCl, the orange-red 
solution became dark red and immediately a red precipitate s>parated out. The precipi- 
tate was filtered hot and washed with acetic acid and alcohol and_ recrystallised 
from nitrobenzene as red needles, m.p. > 300°. It is insoluble in alcohol, sparingly 
soluble in acetic acid, moderately soluble in pyridine, xylene and _ nitrobenzene, 
forming a pink solution. It dissolves in H,50, (conc.) with a blue colour. Unlike 
other dyes described herein, this compound dissolves in alkaline hydrosu!phite with 
a yellow colour and dyes cotton in red shade. [ts absorption maxima in xylene 
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solution is 535 mp. 
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H, 3.0%). 
TABLE II 
Structure o-Diketone. Colour. Colour with 
No. H,SO,. 
IIb  Acenaphthene- Violet-red Blue 
quinore 
IIc Phenanthrene- Dark a 
quinone 
Aceanthraquinone Chocolate-red _,, 
lle £-Naphthothiofuran- Violet Violet 
1:2-dione 
IIF :10-Phenanthra- Reddish violet _,, 
thiophene-2 :3-dione 
Ill Glyoxal sodium Violet Blue 
bisulphite 
IV Oxidation of (I) Dark violet Violet 
Vv 2:3-Dibenzofurano- Violet Brownish 


The other dyes, as recorded in Table II, 


thiopheue-2’ :3’-dione 


(Found: C, 71.21; H, 3.1 


Aborption Formula. 
maxima. 
535 me 
560 1403S 
525 C39H) 4038 
575 120352 
500 
555 Cig 
590 
575 
were also 


Found. 


prepared 


: 76.91% 
gor 
77-82 
79.01 


in 


C..H:,0;NS requires C, 71.54; 


Calc. 


77-23% 
2.97 
78.14 
3-25 
79.30 
3.08 
71.56 
275 
71-07 
2.88 
71.71 
2.79 


79-59 
2.52 


70.59 
2.52 


the 


same way, as already described, from acetic acid solution containing traces of HCl, 
excepting the compound (IV) which was prepared from aikaline solution of (I) by 


adding a solution of potassium ferricyanide till complete precipitation. 
were crystallised from nitrobenzeue and melted above 300°. 


The dyes 
As the dyes are in- 


soluble in alkaline hydrosulphite, the dyeing on cotton could not be studied. 
The depth of colour has been studied by determining the absorption maxima in 


xylene solution. 
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The properties of these dyes are summarised in Table II. 
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291.32 
: 28o 
73.83 
342 
71.58 
2.94 
70.28 
: 261 
70.32 
: 2.65 
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BEHAVIOUR OF ELECTROLYTES IN MIXED SOLVENTS. PART III. 
VISCOSITY AND CONDUCTANCE OF SODIUM CHLORIDE IN 
DIOXANE-WATER MIXTURES AT 35° 


By P. K. Das 
The viscosity and conductance of sodium chloride solution in dioxane-water mixturers at 
10, 20 and 30% by weight of diaxane have been studied. The viscosity data fit in with tte modified 


form of the Jones-Dole equation: n/n = 1+4 VC + BC. B is found to depend on the composit’on 
of the solvent. The additive character of B has been examined for NaCl and KCI and is noticed in 
solvents containing 10% and 20% of dioxane. Conductance results indicate no ion association of the 
electrolyte in the solvents studied. 


The present investigation has been undertaken with a view to testing the 
applicability of the modified Jones-Dole equation: 


— 
=1+ AVC + BC, 


the terms having their usual significance (this Journal, 1957, 34, 56), to solutions of sodi- 
um chloride in solvents containing 10%, 20% and 30% by weight of dioxane, and also 
to obtaining such other information as the change or changes occurring in the solvation 
sphere of the ions with the change in composition of the solvent. 


ExPERIMENTAL 


Sodium chloride and dioxane were of E. Merck ‘extra pure’ quality. NaCl was 
recrystallised from triple-distilled water, dried at 300° for 48 hours and stored in 
vacuum. Purification of dioxane and all other experimental procedures were described 
previously (loc. cit.). 

TaBLe I 
Solvent (g. dioxane/1oo g. of the mixture). 


10% Conic. A. 20% Conc. A. 30% Conc. A. 
0.0120 122.7 0.0110 105.1 O.O1II 104.9 
0.0110 123.1 0.0101 105.5 0.0099 89.7 
0-0100 123.5 0.0093 105 9 0.009¢ 90.1 
0.0092 123.8 0.0080 106.3 0.0082 90.3 
0.0081 124.4 0.0072 106.7 0.0070 90.8 
0.0070 124.8 0.0060 107.2 0.0061 91.2 
0.0063 125.2 0.0050 107 7 0 0050 91.7 
0.0050 125.9 0.0035 108 6 0.0041 92.2 
0,0000 132.6 0.0000 114.0 0.0000 97.7 

a 4.3 x 107° 407 X 


4.0 X 10 4.7 x 1078 5-5 * 10°75 


| 
5% 
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TABLE IT 
% Non-aq. 10% 20%, 30% 
components: - 

Equation : 9/n9=1+0.0064 /C+0.091(. = 1 +0.00066 1 +0 0067 /C+0.166C X .0.982 
* Cone. cale. ds. eile. Diff. C ene. cake. Diff. 
0.1175 I 0130 1.0128 + 2 0.1248 1.0166 10:68 2 0.1068 1.0169 1.0202 
0.0985 1.0109 10110 —I O1120 13,0150 1.0152 — 2 0.0934 10181 1.0179 +2 
0.0878 1.0102 1.0099 +3 O-IOI2 I.014I 1.0139 4-2 00743 10162 1.0154 8 
0.0831 I 0093 1.0094 — 1 00966 10138 1.0133 +5 0.0679 1.0134 I 0135 -1 
0.0750 1.0083 1.0086 — 3 0.0893 1.0125 1.0124 +1 0.0626 1.0118 1.0124 - 6 
0.0612 1,0075 1.0072 +3 0.0722 1,010! 1.0102 — 1 0.0537 1.0103 1.0108 +0 
0.0532 1.0063 1.0063 +0 0.0545 1.0092 1.0092 +0 0.0495 1.0097 1.0098 -—1 
0.0487 1.0060 1.0058 +2 0,0517 1.0076 1.0075 +1 0.0411 1.0087 1.0085 +2 
0.0347 1.0042 1.0044 — 2 0.0370 1.0057 1.0957 +0 0.9353 1.0075 1.0074 —1 
0.0290 1.0031 1.0037 —6 0.0215 1.0036 1.0045 —9 00200 1.0045 1.0046 -I 


* Conc. in g. moles/litre. 


TABLE III 

Solvent composition. BxaC) X 107. xX 102, Byaci— Bre 
(ABx 102). 

10 2,0 7.1 

20 11.22 3.98 7.24 

30 16,62 5-25 11.37 

DiscUSSION 
The Onsager equation /Physikal. Z., 1927, 28, 277) : 
A = Ao (By Ao + B,) Vc see eee (1) 


where A, Ay are the equivalent conductances at concentration c and at zero concentra- 
tion and B,, B, are constants, has been tested for a number of electrolytes in very dilute 
solutions. An important extension and modification of the theory that accounts for 
the conductance at concentrations higher than o oorN have been made by Falkenhagen, 
Leist and Kelbeg ‘Ann. Phys. Lpz., 1952, vi, 11, 51) in which allowance has been made 
for the finite size of theions so that for mono monovalent electrolytes, the equation 


takes the form: 


1 + 


° 
where a is the mean diameter of the ions in solution, B,, B, and B, are constants 
and all other terms have the usual significance. ‘This equation has been 
tested by Robinson and Stokes (J. Amer. Chem. Soc., 1954, 76, 1991) for aqueous 


solutions of mono-monovalent electrolytes in concentration ranges below o.1N ; 


4 
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since the present sets of investigations have been confined to concentrations 
between 0.0035N and o.o12N, the method adopted by Stokes for evaluation of A, and 


a have been used in determining the above quantities. The results obtained, the 
experimental value, A, and a, and the calculated values for the Bjerrum critical distance 
aus (Kgl. Danske. Vidensk. Selskab., 1926, 9, 7) have been recorded in TableI. The 
values recorded for the mean diameter of the ions 4 are never smaller than the Bjerrum 


critical distance on, since the Bjerrum critical distance is the limit below which the 
probability of oppositely charged ions to form ion pairs is very great; it can 
therefore be suggested that the chances for ion-pair formation in solvents studied 
are almost negligible, and the electrolyte behaves like a completely dissociated one. 


The result of viscosity tmeasurements are reccrded in Table II. It is evident 
from the results that the modified Jones-Dole equation (loc. cit.) satisfactorily accounts 
for the change in viscosity with concentration of the solution in the solvents 
studied, excepting the solvent containing 10% of dioxane, in which case, the 
Jones-Dole equation is obeyed, the value of X being equalto one. The constants 
A, Band X have been evaluated as described in the previous communication ;_ these 
values together with the value of B for KCI (loc. cit.) are recorded in Table III. 


With a single solvent, as in case of water, the additive character of B has been 
established by Cox and Wolfenden (Proc. Roy. Soc., 1934, A145, 475) from the study of 
such pairs of electrolytes as NaClI—- KCl and NaNO,—KNOs,. The difference in the value 
of B for such pairs are bound to be connected with the difference in the individual charac- 
ter of the sphere of solvation of the cations and anions. It has already been suggested 
that in a mixed solvent, the number of molecules of each species constituting the 
sphere of solvation depends not only on the character of the ion, but also on the 
specific properties of both the kinds of molecules present in the solvent. In a pair 
of electrolytes like NaCI-—KC!, the additive character of B from medium to medium 
can be expected only when the sphere of solvation of Na* and K* are equally 
affected. If one of the ions shows any preferential behaviour for one type of 
molecules present in the solvent, the alteration in the composition of the solvent 
would necessarily show this preferential behaviour, or in other words, the solvation 
sphere of the two ions in question will not only differ in composition but also 
in character, and therefore the additive character of B will not be exhibited. It is 
seen from Table III that the difference in the value of B(AB) is the same for 
the two electrolytes, NaCl and KCl, in solvents containing 10% and 20% of 
dioxane. This suggests that whatever changes take place in solvation sphere of 
Na*, when the dioxane content of the medium is altered from 10% to 20%, 
similar changes take place in the solvation sphere of K* also, thereby maintain- 
ing the additive character of B. But when the dioxane content of the medium 
increases to 30%, a departure from the additive nature of B is noticed; this 
departure may be due to the essential difference between the solvation sphere of 
Na* and K* in the solvent containing increased amount of dioxane. ‘The polarising 
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power of the two ions in question for water molecules and that for the dioxane 
molecules in the solvation sphere will be different, and therefore the preferential 
behaviour of particular ion for one species of solvent molecules will be exhibited. 
This behaviour, which is not perceptible with lower dioxane content in the medium, 
exerts more dominating influence in constituting the solvation sphere at higher dioxane 
content in the solvent. 

The author is thankful to Dr. D. Patnaik, Reader in Chemistry, for encouragement 
and to Jnan Vijnan Parishad, Utkal University, for a grant. 
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FRIES REARRANGEMENT OF ESTERS OF 2-NITRORESORCINOL 
By G. C. Amin*, A. S. U. CuaucHury AND G. V. JADHAV 


Fries rearrangement of 2-nitroresorcinol diacetate, dipropionate, dibutyrate and dibenzoate 
affords 4:6 diacyl-2-nitroresorcinols, which are also obtained by the [frie lel-Crafts acvyiations 
of 2-nitroresorcinol by means of 2 moles of acylating agents. 4-Acyl-2-nitrorseocinols are formed 


on using ¢ m le of the acid anhydrides in the Friedel- Crafts acylation. 


The Fries rearrangement of a number of negatively substituted phenolic esters 
was studied by several workers during the last few years (Brown, J. Amer. 
Chem. Soc.. 1946, 68, 873; Shah et al., this Journal, 1949, 26, 235; 1952, 29, 915; 
1953, 30, 373; 1055, 32, 5290; 1956, 38, 249, 218; Amin and Chaughuley, J. Sci. 
Ind. Res., 1953, 12B, 302; Science @& Culture, 1954, 19, 614). Rosenmund and 


Schnurr (Annalen, 1928, 460, 56), however, reported the inhibition of the reaction in 


presence of a negative group. In the present communication, the Fries rearrange- 


ment of several esters of 2-nitroresorcinol has been described. 

2-Nitroresorcino] diacetate (II : R = COMe) on migration furnished 2-nitro-4 :6- 
diacetylresorcinol (III: R=COMe), accompanied by a little deacetylated 2-nitroresorcinol. 
No monoketone was produced. ‘The constitution was confirmed by a direct comparison 
with a product obtained by the nitration of 4 :6-diacetylresorcinol (IV: R = COMe). 

The lTriedel-Crafts acetylation of 2-nitroresorcinol, using 2 moles of acetic an- 
hydride, in presence of anhydrous aluminium chloride in nitrobenzene as a solvent 
afforded the same diacyl product (1II: R = COMe) in much better yields. How- 
ever, in the presence of 1 mole of the anhydride, the monoacyl, 4-acetyl-2-nitro- 
resorcinol (IV: R=COMe), was formed. 

Similarly, 2-nitroresorcinol dipropionate (II; R = Et) and dibutyrate (II: R = Pr) 
on the Fries isomerisation furnished 4 :6-dipropionyl. (III: R.= Et) and 4 :6-dibutyryl- 
(III: R = Pr) 2-nitroresorcinol respectively, which were also formed in the Fricdel- 
Crafts propionylation and butyrylation of 2-nitroresorcinol (I), using 2 moles of the 
corresponding acid anhydride. The nitration of 4:6-dipropionylresorcinol (IV: 
R = COEt) afforded 4:6-propionyl-2-nitroresorcinol (III: R = COEt), but the nitra- 
tion of 4:6-dibutyrylresorcinol (IV: R = CU-Pr) could not be carried out by the 
known methods. 

On the other hand, the rearrangement of 2-nitroresorcinol dibenzoate (II: R=COPh) 
in presence of nitrobenzene afforded a mixture of 4:6-dibenzoyl- III: R = COPh) 
and 4-benzoyl-2-nitroresorcinols (V:R = COPh) in nearly equal amounts, while in 
the absence of the solvent, only monoketone. was isolated in poor yields, with 
considerable charring. This behaviour is parallel to the [Fries migration of the 
dibenzoate of 4-carbomethoxyresorcinol in which case also a monoketone is obtained 
(Amin and Shah, this Journal, 1952, 29, 351). The Friedel-Crafts benzoylation of 


* Present address: Chemistry Department, M. N. College, Visnagar (N.G.), 
3—1996P—9 


618 G. C. AMIN, A. S. U. CHAUGHULEY AND G. V. JADHAV 


2-nitroresoreinol (I) by means of benzoyl chloride also produced the mixture of 
both the ketones. Thus, the presence of the nitro group in 2-position of the 
resorcinol nucleus does not inhibit or retard the Fries and the Friedel-Crafts reactions, 
a conclusion, which is in conformation with the observation of others for these 
reactions in case of the diverse negatively substituted phenolic esters and phenols. 


NO, NO, NO, NO, 
l OH | OR | OH OH | OH 
R R R R R 
(I) (II) (III) (IV) (V) 


[R=COMe, COEt, COPr, COPh] 


ExPERIMENTAL 


2-Nitroresorcinol {I) was prepared in 30% yield by the nitration of 4:6-di- 
sulphoresorcinol. It was crystallised from chloroform, m.p. 85° (cf. Hodgson and 
Dysen, J. Chem. Soc., 1935, 946). 

2-Nitroresorcinol diacetate (II: R = COMe), prepared by sodium acetrte-acetic 
anhydride method, was crystallised from ethanol in greyish needles, m.p. 63° ; Peturin 
(J. Gen. Chem., U 5.S.R., 1944, 14, 203) recorded the same m.p. 


Fries Rearrangement of (II: R = COMe): Formation of 4:6-Diacetyl- 
3-nitroreso--inol (III: R = COMe) 


(a). The diacetate (3 g., 1M) and anhydrous aluminium chloride (5.5 g., 3.3 M) 
were intimately mixed and heated at 100-110° for 3 hours (CaCl,-guard tube). 
At the end, the mixture was decomposed by ice and HCl (cone., §c.c.) and the 
solid obtained was filtered, washed and crystallised from acetic acid in almost 
colorless needles, m.p. 234°, yield 0.9 g. (Found: C, 50.33; H, 3.61. Calc. for 
C,,.H.O.N : C, 50.20; H, 3.76%). 

The product developed a deep red colour with ethanolic ferric chloride and 
dissolved in sodium hydroxide and in H,SO, (conc.) with a yellow colour. The 
other ketones also responded to the same tests. 

(b). The above isomerisation was carried out using nitrobenzene (30¢.c.) at 
100-110° for 3 hours. After the decomposition of the reaction mixture by ice and 
HCI (5 c.c.), nitrobenzene was completely removed by steam-distillation. The yellowish 
distillate was collected, the chloroform extract of which gave traces of 2-nitro- 
resorcino] only. The residual liquid in the distilling flask was filtered and its 
ether extraction afforded practically no solid. The residue was crystallised from acetic 
acid (charcoal) in colorless needles; m.p. and the mixed m.p. with the product in (a), 
234° (yield 1.8 g.). 
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(c). The reaction mixture in nitrobenzene (30 c.c.) was left at room temperature 
(25-28°) for more than 7ohours. The solid obtained after removing nitrobenzene 
was identified as the same product on crystallisation (yield 2.2 g.). 


Nitration.—A solution of 4:6-diacetylresorcinol (IV: R=COMe) (m.p. 182-83° ; 
1 g.), prepared by the Nencki reaction of resacetophenone (Robinson and Shah, J. Chem. 
Soc., 1934, 1494) in acetic acid (10 c.c.), was treated slowly at ice temperature with 
H,SO, (conc., ro c.c.), followed by HNO, (conc., 10 c.c.), and the mixture was left 
for o1e hour. The solid obtained on dilution with ice was crystallised from acetic 
acid; m.p. and the mixed m.p. with 4:6-diacetyl-2-nitroresorcinol was 234°. Baker 
(ibid., 1934, 1684) recorded the same m.p. without any details for its preparation. 


Friedel-Crafts Acetylation of (II) (with 2 moles of acetic anhydride) 


(a). 2-Nitroresorcinol (3 g., 1M) was slowly added to a solution of acetic 
anhydride (4.5 2.2 M) and aluminium chloride (8.8 g., 3.3 M) in nitrobenzene 
(40 c.c.) when the mixture warmed up rapidly. It was heated at 120-30° for 3 hours 
and then treated with ice and HC! (conc., ro c.c.). The nitrobenzene was removed by 
steam distillation and the brownish residue was filtered, washed and crystallised 
from acetic acid; m.p. and the mixed m.p. with the previous product was 234° 
(yield 3.5g.). The filtrate from the crude solid or extraction of the nitrobenzene 
by NaOH (dilute) did not furnish any pure product. 


(b). Formation of 4-Acetyl-2-nitroresorcinol (V: R = COMe).—The above reaction 
was carried out at 100°, using acetic anhydride (2.2 g., 1.1 M). After removal of 
nitrobenzene, the solid obtained was crystallised from ethanol in thin yellow needles, 
m.p. 76°. On drying in a vacuum desiccator for two days, this product turned 
brownish yellow, m.p. 102° (2.0g.). (Found: C, 48.51 ; H, 3.42. Calc. for C,H,;O;N: 
C, 48.73 ; H, 3-55%). Chandrasekhar (Ph.D. thesis, Bombay Univ., 1944) recorded 
m.p. 93°, possibly due to imperfect drying. 


The dioxime, prepared by the usual method, was crystallised from acetic acid 
in thin yellowish needles, m.p. 237°. (Found: N, 15.70. CioH,,:O,.Ns requires N, 
15.61%). The dibenzoate, prepared by benzoyl chloride-pyridine method, was crys- 
tallised from acetic acid in white needle§, m.p. 165°. (Found: C, 64.76; H, 3.64. 
C.,H,,O,N requires C, 64.42; H, 3.81%). The diacetate, prepared by acetic anhy- 
dride-sodium acetate method, was crystallised from ethanol in white needles, m.p, 
154°. (Found: C, 52.35 ; H, 4.55. CisHi;30,N requires C, 52.01 ; H, 4.33%). 


Fries Rearrangement of 2-Nitroresorcinol Dipropionate 


2-Nitroresorcinol dipropionate (II: R = COEt), prepared by propionic anhydride- 
pyridine method, was crystallised from ethanol in yellowish needles, m.p. 66°. (Found: 
C, 53.58 ; H, 4.80. C,2H:;0.N requires C, 53.69 ; H, 4.84%). 


Migration of (II: R = COEt): Formation of 4:6-Dipropionyl-2-nitroresorcinol 
(III; R = COEt).—The dipropionate (3 g., 1M) and aluminium chloride (5.0 g., 3.3M) 
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mixture was heated as before. The solid obtained after decomposition of the reac- 
tion mixture was crystallised from dilute acetic acid in yellowish needles, m.p. 
248°, yield 0.7g. (Found: C, 54.01; H, 4.61. C,,H,;0,N requires C, 53.69; H, 
4.84%). 

The above reaction, when carried out in nitrobenzene (30 c.c.) at roo° for 3 
hours or at room temperature for 70 hours, furnished the same product (yield 2.0- 
2.4 g.). No monoketone was isolated. 


Nitration.—4 :6-Dipropionylresorcinol (IV:R = COEt ; m.p. 127°, 1 g.), pre- 
pared by the Nencki reaction of respropiophenone (Brewster and Harris, J. Amer. 
Chem. Soc., 1930, 52, 4866), was nitrated as before and crystallised from acetic acid ; 
m.p. and the mixed m.p. with the above product was 245° (yield 0.9 g.). 

Friedel-Crafts Propionylation.—The propionylation of 2-nitroresorcinol with 2 moles 
of propionic anhydride under the conditions described above in the Friedel-Crafts acet; - 
lation afforded the same diacetyl compound (III: R = COEt), m.p. 248° (yield 3.2 g.). 
The reaction with one mole of the anhydride produced 4-propionyl-2-nitroresorcinol 
(V: R = COEt). It was crystallised from hot water in slightly discoloured needles, 
m.p. 83°, after drying in a vaccum desiccator, yield 2.0 g. (Found: N, 6.35. C,H,O;N 
requires N, 6.63%). 

The dioxime of 4:6-dipropionyl-2-nitroresorcinol was crystallised from ethanol 
in greenish needles, m.p. 216°. (Found: N, 14.26. C,,H,;O.Ns requires N, 14.14%). 


The diacetate, prepared by acetic anhydride-pyridine method, was crystallised from 
dilute ethanol in colorless needles, m.p. 107°. (Found: C, 54.58; H, 4.46. C,sHi;O,N 
requires C, 54.70; H, 4.84%). 


Fries Reatrangement of 2-Nitroresorcinol Dibutyrate 


2-Nitroresorcinol dibutyrate (11: R = COPr), prepared as before, was crystallised 
in yellowish plates from ethanol, m.p. 49°. (Found: C, 56.46; H, 5.35. C1usHizO.N 
requires C, 56.905; H, 5.76%). 

Migration of (II: R= COPr): Formation of 4:6-Dibutyryl-2-nitroresorcinol 
(III: R = COPr).--The reaction was carried out in the same way as described before. 
The solid obtained was crystallised from ethanol (charcoal) in yellowish thin plates, 
m p. 154° ; yield 1 g. without solvent and 0.4 g. with nitrobenzene. (Found: C, 56.78 ; 
H, 5.35. Calc. for C, 56.05; H, 5.76%). 

Fricdel-Crafts’ butyrylation with 2 moles of butyric anhydride furuished 3.2 g. 
of (III: R = COPr) and with one mole, 4-butyryl-2-nitroresorcinol (V: R = COPr), 
crystallised from hot water in yellowish plates, m.p. 90° (after drying). (Found: 
N, 6.02. CyoH,,0;N requires N, 6.22%). 

The dioxime of 4:6-dibutyryl-2-nitroresorcinol was crystallised in yellowish 
needles from ethanol, m.p. 220. (Found: N, 12.96. C.4H:sO,Ns requires N, 12.92%). 


The diacetale was crystallised in yellowish needles from dilute ethanol, m.p. 05°. 
(Found: C, 56.67 ; H, 5.46. CisH2,05N requires C, 56.99 H, 5.54%). 
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Fries Rearrangement of 2-Nitroresorcinol Dibenzoate 


2-Nitroresorcinol dibenzoate (II: R=COPh), prepared by benzoyl chloride-pyridine 
method, was crystallised from dilute acetic acid, m.p. 141°. Kaufmann and De Pay 
(Ber., 1906, 89, 325) recorded m.p. 140°. 

Migration of (11: R = COPh): Formation of 4:6-Dibenzoyl-2-nitroresorcinol (III: 
R = COPh) and 4-Renzoyl-2-nilroresorcinol (IV: R = COPh).—The reaction was 
carried out at 140° for 2 hours and the solid obtained was washed with dilute 
solution .« sodium bicarbonate. It was crystallised from ethanol (charcoal) in 
yellow shining needles; m.p. and the mixed m.p. with an authentic sample of 
4-benzoyl-2-nitroresorcinol (V: R=COPh) was m.p. 145°; yieldo.5 g. (Found: N, 
5-21. Calc. for C,,;H,O;N : N, 5.53%). 

The oxime, prepared as before, was crystallised as a microcrystalline yellow 
powder, m.p, 170°, (Found: N, 10.28. Ci:sHisOsN, requires N, 10.44%). 

The migrations were also carried out as in (b) and (c). The hot residual 
liquid was filtered immediately, which, on cooling, furnished yellow needles of 
4-benzoyl-2-nitroresorcinol (yield 0.9 g.). The brownish residue on crystallisation from 
acetic acid afforded almost colorless glistening plates of 4 :6-dibenzoyl-2-nitroresorcinol 
(II1: R = COPh), m.p. 215°, yieid 1.2 g. It remained undepressed on admixture 
with a sample prepared by nitration (vide infra). ‘Found: C,65.89; H, 3.20. 
C.¢H,;0,N requires C, 66.11; H, 3.58%). 

The nitration of 4:6-dibenzoylresorcinol (IV: R = COPh), prepared by the 
Fries migration of resorcinol dibenzoate, was carried out as before, and crystallised 
from acetic acid, m.p. and the mixed m.p. with (III: R = COPh), 215°. 


The Friedel-Crafts benzoylation of/2-nitroresorcinol (I) with either one or two moles 
of benzoyl! chloride, furnished a mixture of both the ketones, separated as above and 
identified by the mixed melting points with the respective compounds. 


The dioxime of 4:6-dibenzoyl-2-nitroresorcinol was crystallised from ethanol in 
yellowish green needles, m.p. 230°. (Found: N, 70.75. CsoF,sO,Ns requires N, 
10.69%). The diacetate was crystallised from ethanol in colorless plates, m.p. 147°. 
(Found : C, 50.78; H, 3.51. CosH,,O,N requires C, 51.00; H, 3.8%). 

Thanks are due to Srimati Saraswati Amin for the kind interest in the work. 
ORGRANIC CHEMISTRY LABORATORY, 


INsTITUTE OF SCIENCE, Received April 20, 1959 
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EXAMINATION Of RED YEAST, RHODOTURULA ROTENSIS VAR. 
BIRMINGHAM. ISOLATION AND IDENTIFICATION OF 
ERGOSTEROL AND DETECTION OF CAROTENOIDS 


By SHyAmM KISHOR VASISTHA 


The yeast Rhodoturula rotensis has been examined for its unsaponifiable matter. On saponification 
of the lipoids obtained by fat-solvent extraction of the acetone-dehydrated yeast, the carcteroids of 
acid nature pass into the alkaline solution. The unsaponifiables, when subjected to the phase separation, 
afford an epiphase containing hydrocarbon carotenoids and a hypophase containing ergosterol, 
identified by the characteristic absorption maxima and by extinction coefficient of the sterol-SbCl;- 
CH;COCI reaction product at 393 mu. 


An acetone suspension of the red yeast, obtained through the courtesy of Dr. A. S. 
Jones of the University of Birmingham, was a soft, viscous, dough-like frothy mass of 
light red colour, It was examined with a view specially to ascertaining the nature of 
the pigment and that of the sterols in the unsaponifiable portion. 


The yeast was first extracted with acetone primarily for dehydration. The lipoids 
of the yeast, such as fats, waxes, phospholipids, sterols and lipochrome pigments, 
were then separated from the cellular material by repeated extraction with fat solvents. 
The characteristics of the extracts are recorded in Table I. The lipoids were 
found to be free of 5:6- and 5:8-monoepoxides and fucoxanthin. ‘To remove the 
neutral fats, waxes, phospholipids and other alkali-unstable substances, interfering 
in the isolation and crystallisation of pigments and sterols, the lipoids were saponified 
under conditions suitable for pigments which, when impure, were very sensitive both 
to heat and atmospheric oxidation. On extraction of the unsaponifiable matter with 
ether, the aqueous lye left was of an intense red colour. It is therefore concluded 
that carotenoids of acid nature are preponderant in the yeast. The unsaponifiable 
matter in the ethereal layer was subjected to the phase separation between light petroleum 
and 80% methanol. The epiphase was found to contain C,.-hydrocarbon carotenoids 
and from the hypophase was obtained ergosterol. ‘The identity and purity of the latter 
were established by mixed melting point, the Rosenheim reaction, specific rotation and 
characteristic absorption maxima. Since” according to Hogness et al. (J. Biol. Chem., 
1937, 120, 239) and Huber et al. (J. Amer. Chem. Soc., 1045, 617, 609), ergosterol and 
7-dehydrocholesterol have nearly identical U. V. absorption spectra, and since numerous 
organic compounds show either general or specific absorption in the region so as to 
vitiate the usefulness of the direct spectrophotometric measurements, the extinction 


coefficient Et % at 393 my of the sterol—SbC], -CH;COCI product by the method after 


Lamb et al. (Ind, Eng. Chem., Anal. Ed., 1946, 18, 190) was determined. This 
showed that the sample was ergosterol of a reasonable purity. 


= 
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ExPERIMENTAL 


The yeast suspension, when dried to a constant weight in a drying pistol (vacuum) 
over boiling alcohol, yielded a residue weighing 16.6%, but when dried to a constant 
weight in an air-oven at 105°, it left 10.88% residue. 

The yeast suspension (200 g.), corresponding to 33.2 g- dry weight at 78° in 
vacuo, was put into four stout bottles and centrifuged till the yeast clearly separated 
as sediment (4 hours). The supernatant layer was pipetted out, dried over sodium 
sulphate, filtered and freed of the solvent in an inert atmosphere by warming in vacuum. 
The residue was weighed and examined for its physical features. The above yeast 
sediment was then shaken with some acetone in a shaker for 30 minutes to ensure a 
thorough mixing, and the suspension was worked up in the above manner to obtain 
another extractive residue. This process of extraction was repeated four times with 
methanol-chloroform mixture, and finally the yeast sediment was extracted with chloro- 
form in a continuous extractor. ‘The extractive residues, thus obtained, are described 
in Table I, It was observed that the first acetone extract was viscous and the 
subsequent extracts were increasingly thinner in consistency. The solvent-exhausted 
yeast at the end was a light powder, almost devoid of red colour. 


TABLE I 
Solvents. Nature of residues from extracts. % Extractives 
(calc. on dry 
yeast). 
I Acetone, already present in Sticky, amorphous, brown powder 16.85 
suspension with a characteristic odour 
II Acetone, 1¢0 c.c. Yellowish brown paste with a 17.00 
characteristic odour 
III Methanol, 50 c.c. and Scarlet specks in straw-coloured matrix 1.16 
chloroform, 100 c.c. 
IV Do More red with less yellow 2 24 
Vv Do 
VI Do Red particles finely mixed with 3-28 
$ straw-yellow matrix 
VII = Soxhletted with chloroform, 40.53 
100 
ResiJue (by diff.) see 
Total 100.0 


Small quantities of the extractives (III to VII) were dissolved in ether and 
shaken with HCi(conc.). No green or blue coloration was observed, showing the 
probable absence of 5:6- or 5:8-monoepoxides and fucoxanthin (Karrer and Jucker, 
‘“‘Carotenoids’’, 1948). 

Saponification of the Lipoids.—The extractives (III to VII) were collected 
together by shaking with methanol in a shaker and a sufficient methanolic potash was 
added to bring the potash strength to 10%. The mixture was heated under reflux 
in a condenser in an atmosphere of nitrogen for 10 hours below 40°. After removal of 


‘ methanol in partial vacuum, the mixture was diluted with water and extracted 6 times 
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with peroxide-free ether. The ethereal layer (bright yellow in colour), when dried over 
sodium sulphate, filtered and freed of ether, left 0.22 g. of a colorless solid with a brown 
matrix. The aqueous lye was of an intense red colour. 

Phase Separation.—The above residue (0.72 g.) was shaken vith (1:1) light petro- 
leum (b.p. 40-60°) and methanol in a tap funnel, and water was added to dilute the 
latter to 80% (v/v). The upper reddish yeliow layer was washed with 80% methanol, 
dried over sodium sulphate and freed of the solvent. The residue responded positive 
to the Carr-Price reaction wit!; SbCl, in chloroform ‘Biochem. J., 1926, 20, 407), showing 
the presence of Cyo-hydrocarbon carotenoids (Euler and Karrer, Helv. Chim. Acta, 
1932, 15, 496). 

The lower layer (nearly colorless) was shaken out ‘th light petroleum, dried 
over sodium sulphate and freed of the solvent. It left colorless crystals melting at 
145°, preceded by gradual softening and shrinking. After two crystallisations from 
methanol and four from acetone, the m p. was raised to 158-59°. 

Identification of Ergosterol.—(a). The above product showed no depression in a 
mixed m.p. determination with a standard sample of ergosterol. 

(b). It satisfied the Rosenheiin colour reaction. 

(c). Ithad [« 5°—130° in CHCl). 

(d). In ethanolic solution it showed absorption maxima at 271, 282 and 293 mu. 

(e). 0.06456 Mg. in 1¢.c. CHCl, mixed with 10 c.c. of 18% 
reagent placed in a cell (thickness 1 cm) and read at 393 mpm exactly 5 minutes after 
mixing gave an optical density reading of 0.141, Thus it had E} % 240.2 (Unicam 
spectrophotometer was used for measurements). Ergosterol requires m.p. 163° ; 
[2}o°—133° ; Amax at 271, 282 and 203 mp; and Et a, 250 at 303 mH. 

This work was carried out in the Chemistry Department of the University of 
Birmingham, England, during 1951. The author is indebted to Prof. M. Stacey for 
the hospitality of his laboratories, to Drs. J. H. Turnbull and W. Wilson for encourage- 
ment and advice, and to the British Council for a travel grant. 


DEPARTM4NT OF CukMISTRY, 
BaNarRaS UNIVERSITY, 
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MEROCYANINES DERIVED FROM OXAZOLONE 


By P. B. TripatHy AND M. K. Rout 


Merocyanines, derived from oxazolone as the acidic nucleus and a number of basic nuclei 
such as quinaldine, lepidine, 2-methylbenzothiazole, 4-phenyl-2-methylthiazole, a-picoline, benzo (f)- 
quinoline-2, have been studied with a view to examining the effect of the oxazolone nucleus on 
the absorption of the merocyanines concerned. The relative acidity of this nuclens, as compared 
to thiohydantoin and rhodanine, has been assessed from the deviation data of the appropriate 
merocyanines, and the conclusions reached therefrom has been further confirmed from resonance 
interpretations. Application of the resonance concept predicts enhanced acidity for the oxazolone 
nucleus substituted by a nitro group and consequent lesser deviation for the merocyanine concerned. 
The experimental results establish this theoretical expectation. Whereas the deviation in case of 
merocyanine derived from 2-phenyloxazslone and 4-phenylthiazole is 27 my, the deviation for the 
corresponding merocyanine derived from the nitro-substituted ox zolone has been found to be 12 mz, 


Merocyanines are regarded as the resonance hybrid between the uncharged 
structure of the type (Ia) and the charged dipolar structure of the type (Ib). Depending 
on the energetic asymmetry between the two extreme contributing structures, the dye 
will absorb either at shorter or longer wave-length. Since the energy asymmetry 
is caused by the variation in basicity of the basic nucleus or acidity of the acidic 
(carbonyl containing) nucleus, it has been considered of interest to examine the absorption 
caused by the oxazolone nucleus. Hence, merocyanines of the type (I) were prepared. 


Ph—C——N—Me O==C——O 


el 
HC C== CH—CH==C C.Ph 
4 


s (la) N 
+ 
Ph—C——N—Me C—O 


HC C—CH==CH—C CPh 
\F 
s (Ib) N 


(Ia, -uncharged structure ; Ib, -dipolar structure). 


4—1996P—g 
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Brooker (J. Amer. Chem. Soc., 1951, 78, 5332) have pointed out that in a series 
of merocyanines, containing the same basic nucleus, the deviation will be the highest 
for the least acidic nucleus, and as the acidity is increased, the deviation is de- 
creased. In the light of the above observations, attempt was made in the present 
investigation to assess the extent of acidity of oxazolone nucleus. ‘Three merocya- 
nines, derived from oxazolone, thichydantoin and rhodanine, were considered. 
The deviation in the case of dimethin merocyanine, derived from 4-phenyl-2-methyl- 
thiazole and 2-phenyl-4-ethoxymethylene-oxazolone (1), was found to be 12 mp. The 
replacement of oxazolone nucleus by N-phenylrhodanine caused a deviation of 27 mp, 
and a similar replacement by thiohydantoin nucleus increased the deviation to 67.5 ms. 
The least deviation in the case of oxazolone nucleus shows that oxazolone is more 
acidic than rhodanine, which in turn is more acidic than thiohydantoin. 


The greater acidity of oxazolone nucleus, as compared to rhodanine and thio- 
hydantoin, can also be explained by application of the resonance factor. The same 
three merocyanines were considered—one (I) derived from oxazolone, the other (II) 
derived from thiohydantoin and the third (III) derived from rhodanine- all the 
three possessing the same common basic nucleus, i.e., 4-phenyl-2-methylthiazole. Now, 
since the acidity of a carbonyl- containing nucleus can be interpreted as the relative 
ease with which it can attract electron from the nitrogen of the basic ring, the 
greater the number of dipolar structures placing a positive charge on the basic 
atoms, the greater will be the acidity of the concerned acidic nucleus. For the 
dye (III), derived from rhodanine, only oue dipolar structure (iIIb) can be written : 


PhC——N_ —Me C——N-Ph 
HC ‘== CH CH=—C C=S 
\Z \ 
Ss (ITTa) 
4 
+ 
Ph C——N Me C——N-Ph 


HC C—CH=CH—C_ Css 
\Z 
(IIIb) 


In the case of merocyanine derived from thiohydantoin (II), also only one dipolar 
structure (I1b) can be written: 


| 
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Ph—C——N—Me O=—=C—_N-R 


C == CH—CHC_ C=S 


+ 
Ph—C——N-Me -R 


\4 


| 
(IIb) R 


However, in the case of merocyanine derived from phenyloxazolone, the situation 
is different. Heretwo dipolar structures, (Ib) and (Ic), can be written as 


Ph-C——N-Me t——0 
2 
oh Ley 
s (Ia) N 
+ 
i-C——N—Me C—O 
| | gr 
c-cu=cu-c c-¢_S 
Sb) N 
4 


HC C—cH=cH-C_ c—¢ S 
= 
s (Ic) N 
The contribution of (Ic) may be significant due to stabilisation of the carbanion 
(C-) as a result of the resonance interaction with the benzene ring attached to this 
carbon atom. The above arguments are being put forward to explain the greater 
acidity of oxazolone nucleus in the merocyanine conceined. 


es | 
st 
e- ») 
S (IIa) N 
1- 
ie | 
A, 
.. | 
4 
Ph.Cc——N—Me 
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For measuring deviations in the present investigation, it was necessary to prepare 
dimethin and tetramethin merocyanines derived from oxazolone. These wete pre- 
pared by condensing (a) 2-phenyl-4-ethoxymethylene-, (b) 2-phenyl-4-methoxyallyl- 
idene-, (c) 2-phenyl-4-ethoxyethylidene-, (d) 2-p-nitrophenyl-4-ethoxymethylene-, (e) 2- 
p-nitrophenyl-4-methoxyallylidene-, (f) 
with different quaternary salts of 2-methyl compounds as described in the experi- 
mental. The preparations of intermediates (a—f) are also indicated in the experimental. 


Merocyanines derived from 2-f-nitrophenyl-5-oxazolone have also been taken up 
for investigation on account of the following reasons. As_ stated earlier, 
the higher acidity of the oxazolone ring is due to the second dipolar structure, 
involving a carbanion (C~), which is stabilised by the resonance interaction with 
the benzene ring attached to it. Nitro group being an electron-withdrawing group, 
it was considered that placement of nitro group on the benzene ring would render 
the oxazolone nucleus more acidic due to further stabilisation of C™ by interaction 
with nitro group, as shown below. 


O 
Ph.C——N—Me 
CY O 
HC C—CH=CH—C c—¢ 
Ss 4 NO 


+ 
Ph.C——N—Me 


| | 


The increase in acidity on introduction of a nitro group, if the above consi- 
derations devised by us hold good, must manifest itself in lesser deviation for 
the nitro-substituted compound as compared to the unsubstituted compound. Experi- 
mental results show that in the dye containing nitro group, the deviation is de- 
creased considerably, thus pointing to the greater acidity of the oxazolone nucleus, 
substitvted by a NO, group in the benzene ring, as compared to an unsubstitued 
oxazolone nucleus. For example, the deviation in case of 2-(4-phenyl-1-methylthia- 
zole)-4-(2-phenyloxazolone)- dimethin merocyanine is 12 mp and that in case of 2- 
(4-phenyl-1-methylthiazole)-4-(2-p-nitrophenyloxazolone)-dimethin merocyanine is only 
8mpz. 

EXPERIMENTAL 


I. 2-Phenyl-4-ethoxymethylene-oxazolone—Hippuric acid (18 g., 0.1 M), ethyl 
orthofo: mate (14 g., 0.1 M) and acetic anhydride (20 c.c.) were heated together in 
an oil-bath at 140° for r hour and then solvents were removed under reduced 
pressure. A thick gum left behind was dissolved in ethanol (25 c.c.), in an ice 
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box for 12 hours, and the solid separating was filtered. ‘he residue was washed 
thrice with ice-cold petroleum ether and kept in a vaccum desiccator, m.p. 104°, 
yield 78%. (Found: N, 6.2. C:2H,,O;N requires N, 6.4%). 


Il. 2-p-Niirophenyl-4-ethoxymethylene-oxazolone was prepared exactly like the 
above compound from /-nitrobenzoylglyciue (obtained by the interaction of f-nitro- 
benzoyl chloride in dry xylene with glycine in presence of alkali), m.p. 152°, 
yield 70%. (Found: N,10.5. C,.H,.O;N, requires N, 10.6%). 


III. 2-Phenyl-4-ethoxyethylidene-oxazol-5-one was prepared similarly from hippuric 
acid (18 g, 0.1 M) and ethyl ortho-acetate (16 g., 0.1 M) in acetic anhydride medium, 
m.p. 110°, yield 62%. (Found: N, 6.4. C,;H,,;0,N requires N, 6.5%). 


IV. 2-p-Nitrophenyl- 4 -ethoxyethylidene-oxazol - 5 - one.—p-Nitrobenzoylglycine 
(2.25 g., 0.01 M), ethyl ortho-acetate (1.6 g¢., M) and acetic anhydride (3 c.c.) 
were heated in an oil-bath at 140° for 4 hour. The solvents were removed at 
reduced pressure. The solid left behind was crystallised from ethanol as rosy plates, 
m.p. 134°, yield 52%. (Found: N, 10.2. C,,;H,.O;N. requires N, 10.14%). 


V. acid (18g, 1 M), 
trimethoxypropene (13 g., 1 M) and acetic anhydride (30¢c.c.) were heated in an 
oil-bath at 130° for 40 minutes. The solvents were removed at reduced pressure. 
The resulting gummy solid after separation was washed with cold ether, The 
crystalline solid flakes obtained were recrystallised from ethanol, m.p. 128°, yield 70%. 
(Found : N, 6.2. C,;H,,0;N requires N, 6.1%). 


VI. 2-p-Nitrophenyl-(4 :3’-methoxyallylidene) - oxazol-5.one was obtained exactly 
as the above compound from p-nitrobenzoylglycine and trimethoxypropene, m.p. 146°, 
yield 50%. 

VII. bis-(2-Phenyl-4-oxazolone)-methin Oxonol.—An alcoholic solution of the com- 
pound (I: 2.1 g., 1M) and 2-phenyl-4-oxazol-5-one (1.6 g., 1 M) with triethylamine 
(6 drops} was heated in an water-bath for 5 minutes. The deep yellow liquid was 
cooled and acidified with HCl (dil.). The solid separating was crystallised from 
acetone, yield 52%. It shows absorption maximum at 480 mp, 


VIII. bis-(2-Phenyl-4-oxazolone)-trimethin Oxonol.—Hippuric acid (1.8g, 1 M) 
and acetic anhydride (5c. c.) were heated in an oil-bath for 30 minutes at 140°. 
After cooling, 2-phenyl-4-(3-methoxyailylidene oxazolone (2.4 g., 1 M) and triethylamine 
(2 c.c.) were added to it. The reaction mixture was heated on an water-bath for 
5 minutes when a deep blue solution was obtained. Excess of the sulvent was removed 
by vaccum distillation. The reaction mixture was chilled and on keeping for 2 hours 
at o°, some crystals separated. This was filtered and the product was dried 
in vaccum {10 mm) at 40°, m.p. 143°, yield 40%. It shows absorption maximum at 
592 my in methanol containing triethylamine. The alcoholic solution of the com- 
pound changed its colour to straw-yellow on standing. 
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IX.  bis-(2-p-Nitrophenyl-4-oxazolone)-methin oxonol was similarly obtained, m.p. 
182° (decomp). It shows absorption maximum at 566 mp in methanol containing tri- 
ethylamine. 

X.  bis-(2-p-Nitrophenyl-4-oxazolone)-trimethin oxonol was obtained as above ; 
m.p. was indefinite. It shows absorption maximum at 668 mp in methanol con- 
taining triethylamine (Tables 1. and II). 


TABLE 1 


o—C=0 B 


| 
R—C_ CH=CH—CH=C—N.Me 


N 
Nature of ring B. M.P. Amaz- % Carbon. % Hydrogen. 
Found. Calc. Found. Calc. 
R=Phenyl. 
Quinoline-2 226° 540mp 76.1 76.4 6.1 6.30 
Benzo(f) quinoline-2- >250° 552 78.8 78.9 5.0 5.30 
Benzothiazole-2- 200° 522 67.6 68.0 4.6 4.48 
Pyridine-2- 198° (d) 515 7301 73-1 56 5.38 
4-Phenylthiazole-2- 176° 532 69.6 69.8 49 471 
Quinoline-4- 243° 630 76.0 76.4 6.2 6.30 
6-Methylquinoline-2- 186° (d) 540 77°5 77-2 54 5-30 
R=p-Nitrophenyl. 
Quinoline-2- 142° 592 67.3 67.6 4.2 3.93 
Quinoline-4- 198° 660 67-4 67.6 3.8 3-93 
Benzothiazole-2- 248° (d) 555 60.7 61.3 3.8 3-76 
4-Phenylthiazole-2- 240° (d) 560 6295 62.1 3-7 3-94 
6-Methylquinoline-2- 219° 500 67.9 68.2 4.0 4.39 
Pyridine-2- 200° 568 62.7 628 402 4230 


The merocyanines were prepared as follows: Equimolecular quantities of the 
desired ethoxy or methoxy compound and the quaternary heterocyclic compounds were 
dissolved in minimum quantity of absolute alcohol. After addition of triethylamine 
(1 M) the reaction mixture was heated on a water-bath for 5-10 minutes. In most cases 
: removal of solvents caused deposition of a gummy matter which was solidified by 
2 washing with water. The dyes were crystallised either from alcohol or pyridine- 
water mixture. 
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TABLE II 
o—C=0 B 
N.Me 
R—C C=CH—CH=CH—CH =C 
N.Me 
N 
Nature of ring B. M.-P. Amat: % Carbon % Hydrogen 
Found. Calc. Found. Calc. 
R=Pheny!l. 
Quinoline-2- 212°(d) 640mm 77.6 78.0 5.2 5.08 
Quinoline-4- 215°(d) 710 778 78.0 5.3 5.08 
Pyridine-2- 153° 615 74:5 74-7 54 5-57 
Benzothiazole-2- 172° (d) 614 69.6 69.8 4-5 4.70 
4-Phenyliazole-2- 165°(d) 622 71.6 71.3 51 4.90 
Benzo(f) quinoline-2- >250° 650 80.2 799 56 5.40 
6-Methylquinoline-2- 240°(d) 640 78.1 783 5.3 5.4 
R=pf-Nitrophenyl. 

Quinoline-2- 168° 720 69.0 69.1 “ 
Benzothiazole-2- 250° 650 62.9 63.3 exe an 
Pyridine-2- 240° (d) 649 64.8 65-1 4.8 4.6 
4-Phenylthiazole-2 228°(d) 660 63-6 63-9 40 4.2 
Benzo(f) quinoline-2 >250° 730 71.4 71.8 4.9 4.8 


The authors are grateful to the Board of Scientific and Industrial Research, 
Orissa, for research grants to carry out this investigation. 
CHEMICAL LABORATORY, 
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DIBENZOFURAN-2-THIOL AND SOME OF ITS DERIVATIVES 
By M. GHOsSAL AND PARESH CHANDRA 


Dibenzofuran-2-thiol and its acetyl, benzoyl and disulphide derivatives have been prepared 
and described. 


Dibenzofuran-2-thiol (I: R = H) has been prepared by reduction of dibenzo- 
furan-2-sulphony! chloride (Gilman etal., J. Amer. Chem. Soc., 1934, 56, 1413) 
with zinc dust and dilute sulphuric acid. Its acetyi (I: R = COMe) and benzoyl 
(I: R = COPk) derivatives have been prepared; the disulphide (II) has also been 
obtained. 


O 
(I) (11) (III) 
Ss N 
W\4 WF AN 
N O 
(IV) (V) 


Treatment of the dibenzofuran-2-thiol with an excess of oxalyl chloride, followed 
by ring-closure with anhydrous aluminium chloride, yielded 2 : 3-dibenzofurano- 
thiophene-2’:3’-dione (III). The ring-closure at 3-position is presumed from a 
similar cyclisation of 8-(2-dibenzofuryl)-butyric acid (Gilman et al., ibid., 10939 
61, 2836). 

The dione was condensed with o-phenylenediamine and 2 : 3-diaminoquinoxaline 
to yield two azine dyes (IV) and (V) respectively. 


EXPERIMENTAL 


Dibenzofuran-2-thiol (I: R = H).—-A mixture of zinc (25 g.) and dibenzofuran- 
2-sulphonyl chloride (28 g.) was gently refluxed with H.,SO, (d 18; 1:3; 200¢.¢.). 
More zinc (65 9g.) and the dilute acid (400c.c.) were added in four instalments 
during a total period of 5 hours of reflux. The mixture was cooled, filtered, and 
the dried residue was extracted with boiling benzene (3 x 125 ¢.c.). On evapora- 
ting the solvent, the pale yellow thiol (20 g.) was obtained, which was crystallised 
from alcohol in colorless needles, m.p. 84°. (Found: C, 71.7; H, 4.1. Cy.H;OS 
requires C, 72.0; H, 4.0 %). 


* All m.p.s are uncorrected. Microanalyses were done by Dr. Gore. Department of Chemical 
Technology, Bombay. 
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Dibenzofuran-2-disulphide (1I).—An alcoholic solution of iodine was added in 
slight excess to a solution of dibenzofuran-2-thiol (0.5 g.) in alcohol (r5c.c.) till 
the colour of iodine persisted, when white crystals separated. The mixture was 
refluxed on a water-bath for half an hovr, filtered and dried (0.35 g.). Two crys- 
tallisations from benzene yielded the pure disulphide in pale greenish yellow needles, 
m.p. 186°. (Found: C, 72.8; H, 3.3- CosHisO.8, requires C, 72.4; H, 3.5%). 

Dibenzofuran-2-acetylthiol (I: R = COMe).—Dibenzofuran-2-thiol (0.5 g.) was 
heated with acetyl chloride (1.5¢.c.) on a water-bath for 2 hours. Excess of 
aqueous alcohol was added when a white solid separated. It was filtered, washed, 
dried and crystallised from alcohol in cream-coloured plates {0.5 g.), m.p. 95°. 
(Found: C, 68.9; H, 4.0. C,sH,.0.S requires C, 69.4; H, 4.1%). 

Dibenzofuran-2-benzoylthiol (I: R = COPh).—Dibenzofuran-2-thiol (0.5 g.) was 
heated with benzoyl chloride (1.5 c-c.) in an oil-bath (150°-60°) for 3 hours, cooled 
and treated with an excess of gqueous sodium hydroxide solution, when a gum separated 
which solidified after several hours. On crystallising twice from benzene-alcohol, 
the pure benzoyl derivative (0.4 g.) was obtained in pale brown plates, m.p. 132°. 
(Found: C, 75.2; H, 4.0. requires C, 75.0; H, 3-9%). 

Dibenzofuranothiophene-2’ : 3'-diones (III).—Oxalyl chloride (4.1 c.c.) was quickly 
added to dibenzofuran-2-thiol (2.5 g.), in a flask fitted with a calcium chloride 
guard tube. A brisk reaction set in, and after 20 minutes it solidified to a reddish 
yellow paste. After 34 hours, the excess of oxalyl chloride was distilled off under 
reduced pressure, the residue was treated with CS, (roc.c.) and AICI, (anhyd., 3 g.), 
and left at the room temperature for 15 minutes. It was then refluxed for 45 
minutes, CS, distilled off and the residue left overnight with crushed ice and HCl 
to afford a crimson-red solid. It was collected and dissolved in aqueous sodium car- 
bonate (3g. in 75 c¢.c. water), filtered from traces of impurities, and acidified. This 
procedure was repeated twice, when a red solid (1.5 g.), melting over a range of 
188-202°, was obtained. 

Repeated crystallisations from boiling ethyl acetate yielded the pure product 
(IIT) in shining, deep red, rectangular prisms, m.p. 255°. Crystallisations from acetic 
acid also furnished the same product in yellowish red, prismatic needles, having the 
same m.p. and mixed m.p. (Found: C, 66.0; H, 2-5. C,,H,O;S requires C, 66.1 ; 
H, 2.3%). 

Partial concentration of the foregoing mother-liqgour, followed by repeated 
crystallisations from ethyl acetate, yielded in minute quantity another product in 
deep feathery needles, m.p. 212°, which for want of material could not be further 
investigated. 

Dibenzofuranothiophene-phenazine (1V).—o-Phenylenediamine (0.7 g.) and diben- 
zof{uranothiophene-2’ :3’-dione (0.25 g.) were dissolved in hot glacial acetic acid 
(15 c.c.), when the colour of the solution became lighter, and yellow needles separated 
out. The solid, which was filtered after 15 minutes’ reflux, was washed with acetic 
acid and then with alcohol. It was crystallised in long yellow needles from pyridine, m.p. 
>300°. It dissolves in sulphuric acid with a deep blue colour. (Found: N, 8.6, 


requires N, 8.6%). 
5—1996P—9 
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Quinoxaline-dibenzofuranothiophene-phenazine (V) was prepared in a similar way 
from dibenzofuranothiophene-2’ : 3’-dione (0.3 g.) and 2: 3-diaminoquinoxaline (0.15 g.). 
Purified by repeated precipitation with water from a solution in pyridine, it was 
obtained as yellowish brown flakes, m.p. > 300°. It ‘dissolves in H,SO, (conc.) 
with a deep blue colour. (Found: N, 15.2. C22:H:oON,S requires N, 14.81%). 

The authors thank Dr. D. N. Choudhury for his taking keen interest in this 
investigation. 
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ACIDOID EEHAVIOUR OF CHARCOAL AS A FUNCTION OF ITS 
OXYGEN COMPLEXES. PART III. CHARCOAL AS A 
REVERSIBLE HYDROGEN ELECTRODE 


By BALwant Rat Purr, PriTAM SINGH, R.C. BANSAL AND LEKH Raj SHARMA 


Charcoal covered with a layer of chemisorbed oxygen, when suspended in water or aqueous 
solution, behaves very nearly as a reversible hydrogen electrode, the potential (En) of which varies 
with the Ht-ion concentration of the environment in accordance with the well-known thermodyninaic 
equation. This behaviour is due to the presence of the CO,-complex in the oxide layer round the 
charcoal. Such materials can stabilise pH—Enh relationship in aqueous solutions. 


Tf charcoal, coated with a surface layer of chemisorbed oxygen, undergoes surface 
ionisation, when suspended in water, as represented by the equation : 


O-co, + H.O — O.co,?- | 2H* 


and as mentioned in the earlier publications of the series (Puri et al., this Journal, 1957 
34, 357 ; 1958, 35, 180), its particles should behave as micelles of a colloidal acid or 
acidoid. Michaelis ‘Colloid Symposium Monograph, 1925, 2, 1) has pointed out the 
analogy between the micelles of such a colloidal acid and a metallic platinum 
hydrogen electrode and has suggested that the potential of such an electrode might 
depend upon the hydrogen-ion concentration of the solution with which it is in 
contact, in the same way as that of a metallic hydrogen electrode. In the latter, 
according to Nernst, the electrode has a tendency to emit hydrogen ions into the 
solution, and the hydrogen ions of the aqueous solution have a tendency to settle on 
the metai.ic surface and ultimately to be liberated as gas. One or the other tendency 
prevails according to the concentration of hydrogen ions in the solution. Exactly 
the same thing might happen in the case of charcoal or any other acidoid in which 
the tendency for the hydrogen ions to be liberated and to diffuse out into the aqueous 
solution is great. The poteutial of such an acidoid electrode will evidently be 


expressed by the equation : 
En = Eo — RT/F. loge(1/H*) 
= E. — 0.0577 (at 18°) eco (2) 


where E. is a constaut and is equal to the potential of the acidvid when it is 
suspended in a solution of unit hydrogen-ion concentration. 


The above equation can be verified by determining PH — Ex relationship on gradually 
neutralising different samples of charcoal acidoid with increasing amounts of 
different alkalies as well as by mixing them with buffer solutions of known fH values. 
Both these procedures were employed in the present investigation. 
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ExPERIMENTAL 


Three varieties of charcoal, prepared by carbonisation of recrystallised cane 
sugar, coconut shells and cotton stalks, were used in the present investigation. Sugar 
charcoal was free of ash, while the other two samples were extracted with hydro- 
fluoric acid to lower their ash content to about 0.20%. The samples were degassed 
at 1200° ‘to remove all the adsorption complexes (Puri et al., Chem. & Ind., 1057, 
B.I.F.R., 30) and then treated with oxygen at 400° to build up an oxide layer 
(Puri et al., Ind. Eng. Chem., 1958, 50, 1071). The surface areas of these charcoals 
were calculated from their water isotherms (McDermot and Arnell, J. Phys. Chem., 
1954, 58, 492) measured at 25°. The amount of combined oxygen and its disposition 
in each sample were estimated by evacuating 2g. portions at 1200° in a resistance 
tube furnace, collecting water in calcium chloride tube and analysing the rest of the 
gases evolved in an Orsat-Lunge gas analysis apparatus in the usual way. ‘The values 
are recorded in Table I. 


TABLE I 


Surface area and oxygen content of the various samples of charcoal. 


Samples. — Surface area Combined oxygen (g./100 g.) evolved Total combined 
(sq.m /g.) on degassing at 1200° as oxygen 
COg. co. H,0. (g./100 g.). 
Sngar charcoal 317.6 6.94 5.07 3-20 14.31 
Coconut shell charcoal 191.6 5-13 Nil 2.95 8.08 
Cotten stalk charcoal 173.7 6.89 0.04 2.77 9-70 


Interaction with Alkalies.—The capacity of charcoal to neutralise hydroxides of 
sodium and barium was obtained in the manner described before. The alkalies were 
found to be adsorbed irreversibly and in equivalent proportions as before. The 
average values were 368.3, 302.6and 280.9 m.e./1oo g. for sugar, coconut shell and 
cotton stalk charcoals respectively. 


The samples degassed at 1200°, but rot subsequently treated with oxygen could 
not take up any alkali as expected and as shown in the earlier publications. 


Relationship between pH — En 


The following experiments were performed to verify the relationship expressed 
in equation (1) : 

(i). Portions (0.5 g.) of the various samples were mixed with increasing amounts of 
0.2N solutions of NaOH and Ba(OH), and the volume was made up to 50 c.c, in every 
case by addition of distilled water. The amounts of alkalies added represeuted 
different points on the titration curves of charcoal (Puri et al., loc. cit., this Journal, 1957), 
some below and some above the neutralisation point. The suspensions were shaken 
mechanically for about 48 hours for the attainment of equilibrium after which the 
fH values were determined by using a glass electrode, and En values by immersing an 
ordinary platinum electrode in the suspension and using a Pye potentiometer with 
calomel electrode as the reference electrode. 
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(ii). A series of buffer solutions of /H values varying from 1 to 11 were prepared 
and their E; values were determined after adding a small amount of charcoal (about 
0.1 g.) to 100 c.c. of the solution and shaking mechanically for a few minutes. 


TABLE II 


PH values of buffer solutions. 


PH of the PH by PH of the pH by 
buffer soln. glass charcoal buffer soln, glass charcoal 
electrode. electrode. electrode. electrode. 
2.90 2.87 eee 7.60 7.48 7.52 
4.00 4.08 3.99 7.80 7.92 7.81 
4-40 4.40 4-41 8.00 8.08 7:06 
5.00 5-17 5.07 8.80 8.86 8.77 
5.20 5-32 5.39 9.00 9.10 9.04 
5-60 5.68 5.62 9.42 9-44 9.50 
5.87 5.89 5.98 10,00 9.86 9.78 
6.40 6.46 6.52 10.60 10.56 10.54 
6.80 6.70 6.77 11.00 10.84 10.88 
7.12 7.14 7.05 


DISCUSSION 


lf equation (1) is valid, the graph between PH and E, should be a straight line 
and its slope should be equal to 57 mv at 18°. ‘The relationship between PH and En, 
determined in the case of different charcoal suspensions on the addition of increasing 
amounts of the various alkalies, is shown in Fig. 1. The points, excepting for a few, 
fit on straight lines which almost superimpose one another. The small deviations 
from the mean line may perhaps be expected in view of the heterogeneous nature of 
the charcoal system as well as because of the fact that the reactions of the three different - 
samples differing widely in surface area, oxygen content and its disposition (Table 1) 
with two different alkalies have been included. The slope of the mean straight line 
was found to be 50.2. This value is somewhat lower than the theoretically required 
value. The reason for this lies probably in the fact that some of the surface hydrogen 
ions, contained within the microcapillary pores of the charcoal acidoid, are not easily 
accessible to ions in solution. The value of E., calculated from the mean graph, 
was 407 mv, 

The validity of equation (1) was also tested by working with buffer solutions of . 
fH varying from 1 to 11. Since the equation does not include any factor relating 
to the quantity of the acidoid, the relationship should be independent of the concen- 
tration of the charcoal suspension, and therefore only a small amount of the charcoal 
acidoid could be added to a buffer solution for stabilising its PH —E, relationship. 
The potentials of the buffer solutions were first determined by immersing an ordinary 
platinum electrode in the usual way. The values were not stable; they varied 
within a wide range with time. However, on the addition of a pinch of quinhydrone, 
the potential was stabilised within a couple of minutes, and the PH values calculated 
from it (using the appropriate formula) were quite close to the values determined by 
means of the glass electrode. 
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37 
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SUGAR CHARCOAL 
COCONUT SHELL CHARCOAL 
COTTON STALK CHARCOAL ham 
SUGAR CHARCOAL 
—A—A— COCONUT SHELL CHAI 
corron STALK cwarcoat | NTH MeOH 


To another portion of each of the same buffer solutions a pirich of sugar charcoal 
acidoid was added and after stirring the suspension for about 5 minutes, it was found 
that the potential had been stabilised somewhat, although the variations, within a 
narrower range than before, persisted even then. The suspensions were then shaken 
for about 15 minutes and the values redetermined. These were found to have acquired 
quite stable values which did not alter at ali on subsequent keeping even ‘or longer 
periods. Charcoal acidoid thus acts as a potential stabiliser just like quinhydrone with 
the difference that a longer period of contact is necessary in this case. This is 
evidently due to the fact that, unlike quinhydrone, charcoal is ccmpletely immiscible 
in water and the hydrogen ions furnished by it remain along the surface and within 
the minute capillary pores, the reaction involved being heterogeneous in nature. 


It was also found that the same charcoals, when completely degassed at 1200°, 
could not stabilise the potentials of the buffer solutions at all. 


The pH values of the buffer solutions were plotted against the En values deter- 
mined after shaking the solutions for about 15 minutes with a small amount of each 
of the three varieties of charcoal. All the three curves were found to superimpose, as 
expected. Moreover, excepting for the existence of a somewhat flat portion in the pH 
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value 1 to 4, the relationship could be expressed by a straight line of slope 50.7, the 
intcrcept on the ordinate axis (E.) being 390 mv. Both these values are quite close 
to those obtained from the similar relationship plotted in Fig. 1. The reason for 
the existence of the flat portion in the PH range 1 to 4 lies probably in the fact that 
the higher H*t-ion concentration of the solutions results in suppressing the surface 
ionisation of charcoal, which therefore cannot freely exercise its acidoid character. 
In less acidic or more alkaline solutions, the acidoid character of charcoal manifests 
itself to increasing extent, and the relationship takes the form close to the theoretical 
requirements. 

The similarity of the relationship between PH and Eh, irrespective of the nature 
of the charcoal acidoid used, supports the validity of the thermodynamic equation (1). 
To obtain further confirmation, PH values of a few buffer solutions in the PH range 
4 to 11 were determined by using this relationship atd compared with those obtained 
with a glass electrode. The agreement, as shown in Table II, is as good as could be 
expected. ‘These observations are of interest and importance not so much in indi- 
cating the possibility of using charcoal, activated in oxygen at 400°, for determiving 
PH values of aqueous suspensions as in throwing considerable light or the behaviour 
of this material as an acidoid when suspended in water or aqueous solutions and in 
offering a proper explanation for ils base-adsorption properties reported by several 
previous workers (King, J. Chem. Soc , 1936, 1688; 1937, 1489; Kolthoff J. Amer, 
Chem. Soc., 1932, 54, 4473; Weller and Young, ibid., 1948, 70, 4155 ; Wilson and 
Bolam, J. Col oid Sci., 1950, 5, 550). Charcoal devoid of chemisorbed oxygen is quite 
inert for obvious reasons. 
CHEMISTRY DEPARTMENT, 
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UNSYMMETRICAL METHIN CYANINES DERIVED FROM 
QUINOLINE AND PYRIDINE 


By BHASKAR DAs AND M. K. 


Two series: of unsymmetrical methiu cyanines, formed by the reaction of the methoiodides 
of one of the following: 2-:nethyl-4-phenylthiazole, 2-methyl-4-p-bromophenylthiazole, 2-methy1-4 p- 
ethoxyphenylthiazole, 2-methylbenzothiazole and 2-methylbenzimidazole with (i; quinoline ethoiodide 
and(ii) 2-iodopyridine ethoiodide, have been desciibed. Their absorption maxima have been measured 
with the object of evaluating the relative order of basicity of the variable basic nuclei used. 


The absorption of the unsymmetrical cyanines has been interpreted - on the 
basis of the resonance theory. It is now well known that in the unsymmetrical 
cyanines, one of the extreme structures is of lower energy than the other and 
due to greater initial difference in energy of extreme structures, as compared to 
symmetrical cyanines, the total separation of ground and excited state levels of unsym- 
metrical cyanines is greater than that for the symmetrical cyanines, and consequently 
the unsymmetrical cyanines absorb at higher frequency or shorter wave-length. 


In the present investigation, two series of unsymmetrical methin cyanines have 
been prepared with a view to ascertaining the effect of the variable basic nuclei on 
the absorption of the unsymmetrical cyanines concerned. ‘The first series was prepared 
by the reaction of quinoline ethoiodide with methoiodides of the following thiazoles: 
2-methyl-4-phenyl-, 2-methyl-4-p bromophenyl-, 2-methyl-4-p-ethoxyphenyl-, 2-methyl- 
benzo- and 1: 2-dimethylbenzimidazole. The second series has been prepared by 
substituting 2-iodopyridine ethoiodide for quinoline ethoiodide in the first reaction. The 
unsymmetrical cyanines conform to the general structures : 


R—C——N—Me 


HC C=CH— N‘—Et HC C=CH- 
\/ 
S 
Et 
(Series I) (Series II) 


It appears from the absorption maxima values that the highest shift towards the 
shorter wave-length region is achieved by incorporation of benzimidazole nucleus. 


EXxPERIMENTAL 


The thiazoles and their methoiodides were prepared by the method reported 
earlier (this Journal, 1957, 34, 505). 

4-Phenyl-3-methylthiazolo-1’-ethyl-4’-cyanine Iodide.—4 - Phenyl-2-methylthiazole 
methoiodide (1.58 g.,1 M) and quinoline ethoiodide (2.85 g., 2M) were refluxed in 
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absolute alcohol (25 c.c.) and KOH (0.56 g., 2M) on a water-bath for 2 hours. After 
removing the excess of alcohol by distillation under reduced pressure, the product was 
triturated with water. When crystallised twice from hot methanol, the product 
separated as dark red crystals, m.p. 245-46° (decomp.), yield 45% ; Amax 520 mp 
in pyridine solution, ¢max 5.645 10°. (Found: C, 55.82; H, 4.05. C2.H2,N,IS requires 
C, 55.93; H, 4.45%). 

4-p- cyanine_ Iodide.—4-p-Bromopheny]-2- 
methylthiazole methoiodide (0.99 g.) was condensed with quinoline ethoiodide (1.43 g.) 
in absulute alcohol (15 ¢c.c.) in presence of KOH (0.28 g.) by refluxing for 14 hours. 
Crystallisation from hot methyl alcohol furnished dark needles with violet reflex, m.p. 
248-52° (decomp.), yield 35% ; Amex 520 mp in pyridine solution, €max 2.797 x 10*. 
(Found :C, 47.52 ; H, 3.78. C22HaoN,BrIS requires C, 47.91 ; H, 3.62%). 


4-p- Ethoxyphenyl-3-methylthiazolo-1’-ethyl-4’-cyanine iodide was prepared as above 
from 4-p-ethoxyphenyl 2-methylthiazole methoiodide (0.9 g.), quinoline ethoiodide 
(1.42 g.). and KOH (0.28 g.) in absolute alcohol (15 c.c.). After removing the excess 
solvent by distillaticn under reduced pressure, the product was treated with ether 
and finaly isolated as yellow needles after crystallisation from methyl alcohol, 
m.p. 100° (decomp.), yield 35% ; Amax 518 main pyridine, 2.3*10*°. (Found: 
C, 55.49; H, 4.62. C.,H.,ON.IS requires C, 54.98; H, 4.58%). 

3-Methyl-4 : 5-benzothiazolo-1’-ethyl-4’cyanine TIodide.—A mixture of 2-methyl- 
benzothiazole methoiodide (1.45 g.), quinoline ethoiodide (2.85 ¢.) and KOH (0.56 g.) 
in absolute alcohol (15 c.c.) was refluxed for 14 hours. After removing most of 
the solvents under reduced pressure, a dark product was found which was treated 
with ether and washed with water. The product on crystallisation from hot methanol 
separated as dark reddish brown crystals, m.p. 218-19° (decomp.), yield 55% ; Amox 
514 mp in pyridine solution, ¢max 2-518x1o*. (Found: C, 53.54; H, 4.73; 
C2oH,oN,IS requires C, 53.81 ; H, 4.26%). 

1: 3-Dimethyl-4 :5-benzimidazolo-1’-ethyl-4'-cyanine iodide was prepared exactly as 
the above compound from 1 :2-dimethylbenzimidazole methoiodide (1.4 g.), quinoline 
ethoiodide (2.85 g.) and KOH (0.56 g.). Yellowish red crystals were obtained from 
methyl alcohol, m.p. 181-82° (decomp.), yield 50% ; Amax 470 mp# in methyl alcohol 
solution, €max 2.015 10°, (Found: C, 56.03; H, 5.32. Cs:Ha,NsI requires C, 56.88 ; 
H, 4.95%). 

4-Phenyl-3-methylthiazolo-1'-ethyl - 2’ - pyridocyanine Iodide.—4-Pheny]-2-methyl- 
thiazole methoiodide (1.59 g., 1M), 2-iodopyridine ethoiodide (1.80 g., 1 M) aud triethy]- 
amine (1.01 g., 2 M) were refluxed in absolute alcohol (15 c.c.) on a water-bath for 
20 minutes, After removing the excess of solvents by distillation under reduced 
pressure, the product was treated with ether. The pure product was obtained as dark 
needles after 3 or 4 crystallisations, 1.p. 172-74° (decomp.), yield 35% ; Amax 458 mp in 
pyridine’solution, ¢max 2.086 10*. (Found: C, 50.92; H, 4.08. requires 
C, 51.18 ; H, 4.50%). 

4-p-Bromophenyl-3 methylthiazolo-1’-ethyl-2’-pyridocyanine iodide was prepared 
froin 4-p-bromophenyl-2-methylthiazole methoiodide (1.98 g), 2-iodopyridine ethoiodide 
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(21.80 g.) and triethylamine (1.01 g.) in absolute alcohol (15 c.c.). The final product 
was obtained as brown needles, m.p. 250° (decomp.), yield 40% ; Amex 445 mp in 
methyl alcohol solution, ¢max 2.038 x 10°. (Found: C, 43.02; H, 3.22. CysHisN2BrIS 
requires C, 43.11 ; H, 3.50%). 

3-Methyl-4 : iodide.—A mixture of 
2-methylbenzothiazole methoiodide (1.45 g.), 2-iodopyridine ethoiodide (1.80 g.) and 
triethylamine (1.01 g.) in absolute alcohol (15 c.c.) was refluxed for 25 minutes on a 
water-bath. After removing the excess of solvent, the product was treated with ether 
and finally crystallised from hot methyl alcohol in deep yellow needles, m.p. 291-93° 
(decomp.), yield 40% ; Amax 500 m# in methyl alcohol solution, ¢max 3.536 
(Found: C, 48.21; H, 4.41. CisHizN2IS requires C, 48.48 ; H, 4.29%). 

1: 3-Dimethyl-4 :5-benzimidazolo-1’-ethyl-2’-pyridocyanine iodide was obtained by 
refluxing a mixture of 1:2-dimethylbenzimidazole methoiodide (0.7 g.), 2-iodopyridine 
ethoiodide (0.9 g.) and triethylamine (0.5 g.) in absolute alcohol (10 c.c.) for 20 minutes. 
The compound was isolated in orange-yellow needles, m.p 239° (decomp.), yield 52% ; 
Amax 460 mu in methyl alcohol solution, ‘max 1.082* 10‘. (Found: C, 52.12 ; H, 5.74, 
C,;H2)N3I requires C, 51.90 ; H, 5.08%). 


MAYURBHAN] CHEMICAL LABORATORY, Received March 25, 1959. 
RAVENSHAW COLLEGE, CarTacK. 
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SPECIFIC KLFFECT OF THE IONS IN THE OXIDATION OF ARSENIOUS 
ACID BY PERSULPHATE 


By Yucut KisHore Gupta 


The oxidation of arsenious acid by persulphate has been studied in presence of several electrolytes 
to note the specific effect of the ions. Halides inhibit in the order: I- >Br~ >CI-, but fluoride accelerates 
the rate. Alkali metal ions inhibit in the order : K*>Na*>Li*. There isan optimum concentration of 
sodium acetate for which the reaction is fastest. This behaviour is ascribed to inhibition by Na* and 
acceleration by acetate ion. HgCl,and AI(NOs)3 accelerate the rate. The reaction is very fast in 
presence of FeCl3. Mn" is an anticatalyst for this reaction. The uncatalysed and silver-catalysed 
oxidations by persulphate differ fundamentally. 


The uucatalysed oxidation of arsenious acid by persulphate has already been studied 
by Gupta and Ghosh (J. Inorg. Nuc, Chem., 1959, 9, 178) at 45°. As different samples 
of arsenious acid solution produced differing results, the same sample of arsenious acid 
solution was used in order to compare the results of different experiments. The reaction 
is of first order in persulphate, independent of the concentration of the arsenious acid ; it 
has a negative entropy of activation. A possible mechanism has been suggested in spite 
of the reaction being complex. Copper and silver were found to have great catalytic 
activity in this reaction. Most of the persulphate reactions are greatly influenced by 
certain ions The present paper reporis the results of the kinetics of this reaction in 
presence of several electrolytes. 


ExPERIMENTAL 


All the chemicals used were of B.D.H.-A.R. or E. Merck-G.R. quality and all the 
vessels used were of Jena glass. Medium of reaction was water, redistilled from a quartz 
vessel, The reaction vessel was coated outside with black Japan to eliminate any photo- 
chemical effect. 

Stock solutions of 0.2N arsenious acid was prepared by dissolving the requisite 
amount of arsenious trioxide in redistilled water, sufficient to afford a little more than 
0.2N solution. After allowing it to cool, it was filtered and standardised against a per- 
ianganate solution. Persulphate solution was always freshly prepared by direct weigh- 
ing and its concentration checked by arsenite (Gupta and Ghosh, Anal. Chim. Acta, 
1957, 17, 379) or Eckardt’s method (Chem, News, 1900, 81, 38). 
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Calculated quantity of persulphate, together with the electrolyte in question, was 
teken in a reaction vessel and put in a thermostat at 45°. Arsenious acid solution was 
also kept separately in the same thermostat. The calculated quantity of arsenious acid was 
~ then transferred to the reaction vessel by means of a pipette to start the reaction. After 
suitable intervals of time, 5 c.c. of the reaction mixture was pipetted out in a beaker 
containing 2 c.c. of pure HCl (conc.) and 10-15 ¢.c. of distilled water. One drop of 
0.0025M-KIO, was added and the contents of the beaker were titrated against 
0.01N-KMnO, from a microburette. The reaction was completely checked in presence 
of HCI; persulphate did not interfere with the titration. In all the tables, concentrations 
of K,S,0, and H;AsO, used were 0.08N and 0.o1N respectively. 

The first order constants were calculated from the relation : 


k = (2.303/t) log [a/(a—x)] 


where a and a-.x are the concentrations of persulphate initially and after time t. 


DISCUSSION 


Effect of Sulphuric Acid.—H,SO, of different concentrations, as recorded in Table I, 
was employed to note its effect on the rate of reaction. Table I records the average 
values of k for different concentrations of the acid. 


TABLE I 
H,SO, (M) 9.001 0.005 0.01 0.03 0.08 0.18 0.36 0.99 
kx10! min“! is 19.89 13.85 13.51 12.72 19.24 21.09 12.43 1338 20.23 


The change in the values of k is not regular. In general, the rate is lowered excepting 
for a very slight increase for 0.0o8M and 0.90M concentrations. The catalytic activity 
of H.SO, has been reported by Srivastava and Ghosh (Z. jhysikal. Chem., 1956, 205, 332) 
in the uncatalysed oxidation of oxalic acid, and by Gupta and Ghosh (unpublished) in 
the silver-catalysed oxidation of potassium oxalate. On the other hand, anticatalytic 
activity of H,SO, has been found by the former authors in the silver-catalysed oxidation 
of H.O, (Proc. Nat. Acad. Sci., India, 1954, 283A, Part VI, 44) and also by Gupta and 
Ghosh in the silver-catalysed oxidation of oxalic acid (ibid., 1958, 27, Patt V, 258). 
In view of the above, it becomes difficult to explain the behaviour of H,SO, in the 
present case. However, SO,?~ ions do not seem to have any influence, because SO,?~ 
ion is gradually produced from persulphate, without any change in the value of the 
constants, with the progress of the reaction. Potassium ions inhibit the reaction. 
Table II shows the results with three different concentrations of K,SO,. 


TABLE II 
K2S0, (M) eve 0.01 0.05 0.10 
k min"! 12.70 11.76 10 02 


Effect of Sodium Acetate.—Kight different concentrations of sodium acetate were 
used. The average values of the first order constants are graphically shown in Fig. 1. 
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There exists an optimum concentration of sodium acetate for which the reaction is 

Fic. x fastest, In the present case Na* ion 
- inhibits and acetate ion accelerates the 
rate of the reaction. Within the con- 
centration range of sodium acetate in- 
vestigated, the inhibiting action of 
sodium ions seems to predominate only 
at the lower and at the higher concentra- 
tion of sodium acetate whereas acetate 
ions seem to have a greater influence 
at the intermediate concentrations. The 
catalysing influence of the acetate ions 
is also evident from Table III where 
the rate increases with the increase in 
the concentration of acetic acid. 


k x10! min-!. 


Cooc, 
TABLE III 
CH;COOH MgSO, HgCl, 
Cone. RX 104 Conc. k x10! min“. Conc. k x 104 min™, 
0.01 M 19.30 0.05 M 21.15 0.01 M 14.71 
0.10 21.96 0.10 27.65 0.10 2I 20 
0.40 36.73 0.20 °§.72 


Effect of MgSO, and HgCl,.—With MgSO, also, the rate of reaction increases with 
the increase in its concentration. It seems that magnesium ions catalyse the reaction, 
although Gupta and Ghosh ( oc.cit.) have reported magnesium ions to inhibit the silver- 
catalysed oxidation of oxalate. This dual character of magnesium ions in the oxidations 
by persulphate can be explained only by the fact that uucatalysed and silver catalysed 
oxidations differ fundamentally in reaction mechanisms, as have been pointed out later 
on. 

In presence of lower concentrations of HgCl,, the reaction is retarded, but its higher 
concentrations accelerate the rate. This is quite obvious as mercuric chloride is slightly 
dissociated when in dilute solution and, hence, chloride ions inhibit the reaction. On 
the other hand, at its higher concentrations, HgCl, is almost undissociated, and this 
probably, in the undissociated form, highly catalyses the reaction. ‘Tlie same has been 
reported by Srivastava and Ghosh (Z, physikal. Chem., 1953, 202, 191) in the uncatalysed 
oxidation of oxalic acid. 

Influence of AlCl,;, Al(NO;), and KNO,;.—In view of HgCl, being of covalent nature 
other similar electrolytes, such as Al(NO,);, AICI, and FeCl,, were also used. The 
results are shown in Table 1V and in Fig. 2, 
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TasLe IV 
Al(NO,)3 AICI; KNO; 
Conc. k X10! min“!. Cone. 10f min“. 
M 24.92 M 7.97 0.01 M 22,01 
0.10 43.22 0.10 5.32 0.10 20.87 


0.20 19.67 


There is not much change in the rate in presence of KNO,, even though highly 
inhibiting potassium ions are present. This makes clear that nitrate ions probably 
accelerate the rate, thus counterbalancing the retarding effect produced by potassium 
ions. The accelerating action of nitrate ions is also evident in the case of Al(NO,)s. 
In presence of AICI;, the rate is much slowed down due to the inhibition by chloride 
ions. 

Reaction in presence of FeC!;.—The reaction in presence of FeCl; has been studied 
and the results are shown in Fig 2. It is highly catalysed by Fe** or undissociated 

Fic. 2 _ FeCl; (cf. HgCl,) even in spite of in- 
hibiting chloride ions. The first order 
constants decrease appreciably with time 
‘in any experiment. It appears that the 
reaction takes place by a Gifferent 
mechanism in presence of FeCl;. Fe’* 
may directly oxidise -arsenious acid, and 
persulphate may oxidise Fe**, obtained 
by reduction of Fe**. Both: these oxi- 
dations appear to be much faster than 
the direct reaction between S,0,”~ and 
H;AsO;. Ferrous sulphate or other Fe" 
salts could not be used due to their 
hydrolysis. A light yellow precipitate 
appears with 0.05M and higher concen- 
Time (mins.). trations of FeCl,, and the titration of the 


reaction mixture with KMnO, could be done with difficulty. 


KMnQ, (c.c.) 


Inhibition by Halide Ions.—The results are shown in Table V. - Higher concentra- 
tions of KI could not be used because iodine was liberated due to oxidation. A. 
comparison of the rate constants for KCl, KBr and KI shows that their inhibiting 
effect is in the order: I- >Br~ >CI~. According to the sequence of electron. 
affinities and their atomic number, fluoride ion should have the least inhibiting power. 
It is found that in presence of KF, the reaction is not at all inhibited ; on the contrary, 
it is catalysed. It is difficult to explain this behaviour. . 
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TABLE V 
Halide. Conc. k X10! min“!. Halide. Conc. kx1of min”. 
KCl 0.010 M 10.03 NaCl 0.100 M 5.69 
KCl 0.100 §.21 LiCl 0.010 15.68 
KRr 0.001 14.42 LiCl 0.100 8.87 
KBr 0.010 795 KF 0.001 26.98 
KI 0.001 5.53 KF 0.010 31.34 
NaCl 0.010 11.93 KF 0.100 48.60 


A comparison of the constants for NaCl, KCl and LiCl will show that Lit ion is 
least and K* ion is most inhibiting. 

Effect of MnSO,.—The use of MnSO, in this reaction was suggested because of the 
fact that it acts as a catalyst or an anticatalyst in many of the oxidation-reduction 
reactions. In presence of c.orM-MnSQ,, the reaction is very slow, the average k being 
3.87x107* min™’. This anticatalytic action of Mn" has also been found in the silver- 
catalysed oxidation of oxalate by persulphate (loc.cit.). 

It has been found that silver-catalysed oxidations by persulphate are reproducible 
and less influenced by the impurities and the nature of the glass vessel, such as the 
oxidations of Mn™ (Gupta and Ghosh, loc.cit.; Dekker et al., J. Amer. Chem. Soc., 1937, 
59, 2129), Cr*+ (Yost, ibid., 1926, 48, 152), VO?* (Yost and Claussen, ibid., 1931, 58, 
3349), hydrazine (Dekker et al., ibid., 1937, 59, 2129), Ce?* (Cone, ibid., 1945, 67, 
78) and acetone (Bekier and Kijowski, Rocz. Chem., 1937, 15, 126). On the other hand, 
the uncatalysed reactions are very much susceptible to organic (King, J. Amer. Chem. 
Soc., 1928, 50, 20893 Allen, ibid., 1951, 78, 3589) and inorganic (King and Steinbach, 
ibid., 1930, 52, 4779) impurities. It appears from this that silver-catalysed and uncata- 
lysed reactions differ fundamentally. In the uncatalysed reaction the primary process 
is the slow equilibrium : 


S,0,7> + 2H,O = 2HSO,~ + 20H or S,0,?~> = SO, + 


as reported by Gupta and Ghosh (loc.cit.) and the radical responsible for the oxidation is 
OH or SO,, which is very much liable to be destroyed by the impurities. In presence 
of silver ions, the primary process is the rapid equilibrium : 


S.0,?~ = 
and SO,” reacts with Ag* to produce higher valent silver responsible for oxidation. 


280," + Agt — Ag** + 2S0,”° or 
+ Agt —> Ag’t + SO,- 


The author is thankful to Dr. S. Ghosh for helpful discussions in connection with 


this work. 
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THIAZOLIDONES. PART I 
By M. L. Vasa, J. J. Trivepi AND K. C. KSHATRIYA 


2-Benzylimino-4-thiazolidones have been synthesised from benzylthioureas and condensed with 
various aldehydes. 


Several thiazolidone derivatives have been shown to exhibit a wide variety 
of physiological activities. McLamore etal. (J. Amer. Chem. Soc., 1952, 74, 2946) 
isolated an antibiotic ‘“‘Actithiazic acid’’ which is (-)-2-(5-carboxypentyl)-4- 
thiazolidone. Bhargava et al. (ibid., 1951, 78, 2353; this Journal, 1955, 32, 49) and 
Rout etal. (ibid., 1954, 34, 617, 701; 1955, 32, 442; 1956, 38, 17, 690; J. Amer. 
Chem. Soc., 1955, 77, 2427) have prepared several 2-arylimino-4-thiazolidones and their 
condensation products with aldehydes. . 

Penicillin molecule is known to possess thiazolidone ring and benzyl group. The 
latter is a physiologically active group as can be seen from ‘‘Marfanil’’ (Domagk, 
Deut. Med. Wechschr., 1942, 21, 448), ‘““Hibicon’’ (Kushner et al., J. Org. Chem., 
1951, 16, 1283 ; trade mark by American Cyanamid Co.) and ‘‘Hibital’’ (Goldman and 
Williams, ibid., 1953, 18, 813 ; trade mark by American Cyanamid Co.). In view of 
the thiazolidone derivatives possessing active physiological properties, several 
2-benzylimino-4-thiazolidones with various substituents (e.g. 0- and f-chloro, p-bromo 
and m-iodo) on tle benzene ring have been prepared and described in the present 
communication. 2-Benzylimino-4-thiazolidones, prepared by reacting the corresponding 
benzylthioureas with chloroacetic acid, have been condensed with various aromatic 
aldehydes to furnish 5-benzylidene-2-benzylimino-4-thiazolidones. 


ExPERIMENTAL 
TABLE I 


2-Benzylim no-4-thiazolidones. 


1 5 
om. S—- CH; 
—CH.—N =C | 
| 
R ened NH =O 
3 
M.P. Formula. % Nitrogen. 
Sr. No. Compounds. Found, Cale. 
I. 2-Benzyl-I* 212° 13.6 13.6 
2. 2-0-Chicrobenzy1-I 212° ON,CIS 1.9 11.6 
2-p-Chlorobenzy]-I 215° CypHg ON,CIS 11.6 
4. 2-p-Bromobenzy]-I 208° ON2BrS 9.8 
2-m-Iodobenzy1-I _ 163° ON,IS 8,1 8.4 


* I stands for- imino-4-thiazolidone. 


N.B. Compounds 1, 2,3 and 4 could not be crystallised from common s>lvents because of their 
much less solubility. These were repeatedly washed with hot water and dried. No. 5 was obtained as 
colorless needles from hot water. 
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Substituted benzylthioureas were prepared from the corresponding benzylamines 


by the method described by Trivedi et al. (this Journal, 1956, 38, 423) and condensed 
with chloroacetic acid in presence of anhydrous sodium acetate in absolute alcohol by 
the method described by Bhargava (loc. cit.) and Das and Rout (loc. cit.) to 
furnish 2-benzylimino-4-thiazolidones in 70% yield (Table I). 


2-Benzylimino-4-thiazolidones were condensed with various aldehydes in glacial 


acetic acid in presence of anhydrous sodium acetate by the method described by 
Andreash (Monatsh., 1917, 88, 125, 127) when 5-benzylidene-2-benzylimino-4-thiazoli- 
dones were obtained in quantitative yield (Table II). 


TABLE II 


5-Benzylidene-2-benzylimino-4-thiazolidones. 


= CH—R, 


¢ S-CH.-N = x | 


M.P. Formula. % Nitrogen 
Sr. No. Compounds. **Cryst, shape. Found, Calc. 
1.  5-Benzylidene-2-B* Yellow needles 176° Cy7H)ON,S 97 9.5 
2. 5-(4’-Methoxybenzylidene)-2-B . Light yellow needles 160° Cy 8.9 8.6 
3. 5-(2’-Hydroxybenzylidene) -2-B Needles 218° Cy7HyO2N2S 93 9-0 
4- 2’ : 4’-Dihydroxybenzylidene)- Red grains 235° 8.3 8&9 
2- 
5. 5-(2’-Methoxynaphthylidene-) 2-B Brown plates 45 CogH)gs0,N2S 7.8 7.5 
6. _5-Cinnamylidene-2-B Light yellow needles 96° 84 87 
5-Furfural-2-B Brown graitis 180° 10.1 9.8 
8. 5-Benzylidene-2-0-chloro-B Light yellow needles Cy7HyON CIS 87 8&5 
9. 5-(4’-Methoxybenzylidene)-2-0- Needles 182° 8.2 7.8 
chloro-B 
Io. Yellow grains 160° 79 &1 
chloro-B 
II. 5-(2’: 4’-Dihydroxybenzylidene)- Red needles 143° 7.5 7.8 
2-0-chloro-B 
12. §-(2’-Methoxynaphthylidene)- Plates 46° 7.2 6.8 
2-0-chloro-B 
13- Grains 187° CjgH);ON,CIS 8.1 7.9 
14. Brown needles 170° 9.0 8.8 
15. §-Benzylidene-2-p-chloro-B Light yellow needles 242° Cy7H)30N,CIS 8.3 8.5 
16, 5-(4’-Methoxybenzylidene)- Grains 202° CygH;;02N2CIS 8.1 7.8 
2-p-chloro-B 
Yellow needles 170 8.4 8.1 
2-p-chloro-B 
18. 5-(2’: 4’-Dihydroxybenzylidene)- Red needles 168° 7.97.8 
2-p-chloro-B 
19. 5-(2’-Methoxynaphthylidene)- + Brown grains 138° CogH)702N,CIS 69 6.8 
2-p-chloro-B 
20. 5§-Cinnamylidene-2-p-chloro-B Yellow needles 105° CygHyON,CIS 7.7. 7.9 
21. §-Furfural-2-p-chloro-B Dark red grains 138° 9.1 88 
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Compounds. 


5-Benzylidene-2-p-bromo-B 

5-(4’-Methoxybenzylidene)-2-p- 

bromo-B 
-(2’-Hydroxybenzylidene) -2-p- 
romo-B 

5-(2’ : 4’-Dihydroxybenzylidene)- 

2-p-bromo-B 


5-(2’-Methoxynaphthylidene) -2-p- 


bromo-B 
5-Cinnamylidene-2-p-bromo-B 
5-Furfural-2-p-bromo-B 


5-Renzylidene-2-m-iodo-B 
5-(4’-Methoxybenzylidene)-2-m 
iodo-B 

5- ’-Hydroxybenzylidene)-2-m- 
iodo-B 

5-(2’ : 4’-Dihydroxybenzylidene)- 
B 

5-(2’ 
2-m-iodo-B 
5-Cinnamylidene-2-m-iodo-B 

5-Furfural-2-m-iodo-B 


TABLE II (contd.) 


**Cryst. shape. 
Yellow needles 
Grains 
Light yellow grains 

Orange plates 
Red plates 


Grains 
Red brown grains 


+ Grains 


Yellow needles 
Yellow graius 

Red needles 

Light yellow grains 


Light yellow grains 
Brown grains 


* B stands for benzylimino-4-thiazolidone 
** All the compounds were crystallised from alcohol excepting those marked with + from 


ethyl acetate. 


165° 


126° 


Formula. %Nitrogen. 
Found. Calc, 
74 . 75 
CigH);0,N,BrS 7-2 6.9 
CyHyONgBrS 7.3 742 
6.9. 
6.5 6.2 
7.3 7.0 
7.5 7.7 
6.5 6. 7 
6.5 6.2 
6.5 6.4 
6.0 6.2 
6.0 5-6 
CigHjsONQIS 6.5 63 
66 68 
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Sr. No. |S M.P. 
22. 165° ‘ 
23. 170° 
24. 116° 
| 25. 168° 
6 65° 
28, 120° 
29. 228° 
| 30. 156° 
3I. 158° 
32. 120° 
33+ 172° 
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SYNTHESIS OF 2-AMINO.4-(p,CHLOROANILINO)-PTERIDINES AND THE 
MODE OF THEIR INHIBITORY ACTION ON THE GROWTH 
OF MICRO-ORGANISMS 


By Do.tiy Roy, S. GHosH Anp B. C, GuHA 


2-Amino-4-(p-chloroanilino)-6 :7-diphenyl- and -6 :7-dimethyl-pteridines have been synthesised by 
the condensation of the 6-'p-chloroanilino)-2 :4 :5-triaminopyrimidine with benzil and diacetyl respec. 
tively. These compounds are found to be fairly strong inhibitors of the growth of Streptococcus 
faecalis, Lactobacillus arabinosus and Escherichia coli. 


2 :4-Diamino-6 : 7-disubstituted-pteridines were first shown by Daniel et al. (J. Biol. 
Chem., 10947, 110, 747; 1947, 169, 689) to be powerful inhibitors of bacterial growth. 
Greenberg (J. Pharmacol., 1949, 917, 484) reported that 2:4-diamino-6 : 7-diphenyl- 
pteridine was active against fowl malaria (Plasmodium gallinaceum) and the activity 
could be potentiated by sulphadiazine and antagonised by folic acid. Following 
this report, a large number of ?:4-diamino-6:7-disubstituted- and 2-amio-4-alkyl- 
amino-6 : 7-disubstituted-pteridines were synthesised. Collier in a recent review (Ciba 
Foundation Symposium ‘on Chemistry and Biology of Pteridines by Wolstenholme and 
Cameron) indicated the usefulness of some of these compounds in suppressing 
laboratory infections of animals with Staphylococcus aureus, Plasmodium and Vibrio 
cholerae. ‘The activity of these compounds was generally antagonised by pteroyl- 
glutamic acid (PGA) or synthetic folinic acid in all species examined. 

Although 2-amino-4-alkylamino-pteridines were investigated previously for their 
biological activity and shown to be less active than the corresponding 2 : 4-diamino- 
pteridines (Elion and Hitchings, J. Biol. Chem., 1951, 188, 611; Roth etal., J. 
Amer, Chem. Soc., 1950, 72, 1914), nothing is known about the biological pro- 
perties of such arylamino-pteridines. In connection with studies of compounds of 
potential chemotherapeutic interest, it was thought desirable to investigate the 
biological properties of such arylamino-pteridines. In the present communication 
the synthesis of 2-amino-4-(p-chloroanilino)-6:7-diphenyl- and -6:7-dimethyl-ptcridines 
and the inhibitory activity of these compounds, as compared with that of the corres- 
ponding 2 : 4-diamino-pteridines on some micro-organisms, are described. 


H.N N N 
| Compound (I): R=Me 
Ny R (II): R=Ph 
| N 


Compounds /1) and (11) were synthesised by the condensation of 2:4 :5-triamino-6- 
(p-chloroanilino)-pyrimidine (III) with diacetyl and benzil respectively in aqueous 


sf ; 
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medium. Compound (III) was obtained from 2 : 4-diamino-6-(p-chloroanilino)-pyrimidine 
(Ghosh and Roy, Naturwiss., 1957, 44, 305) by the nitrosation of the pyrimidine ring, 
followed by the reduction of this nitroso group with sodium hydrosulphite. 


The ultraviolet absorption spectra of compounds (I) and (II) were determined in the 
Beckman spectrophotometer (Model DU). 

The relative growth inhibitory effects of these 2-amino-4-(p-chloroanilino)-pteridines 
and the parent 2:4-diamino-pteridines were investigated with StrePtococcus faecalis, 
Lactobacillus arabinosus and Escherichia coli as test organisms, 


EXPERIMENTAL 


2 :4-Diamino-5-nitroso-6-(p-chloroanilino)-pyrimidine.—2 : 4-Diamino-6-(p-chloroani- 
lino)-pyrimidine (3 g.) was suspended in water (about 400 c.c.) and warmed with the 
addition of HCl (conc., 6¢.c.) to effect solution. This was treated with a solution of 
sodium nitrite (0.57 g. in 25 c.c. water), added dropwise with stirring. Immediate 
precipitation of a yellowish red substance took place. The end-point of the reaction 
was checked with starch iodide paper. The reaction mixture was brought to a neutral 
range with dilute ammonia, cooled and filtered. The residue was washed thoroughly with 
water and collected (2.5 g.). It was crystallised from 50% ethanol as yellowish red 
needles, m.p. 270-71°. ‘Found: N, 31.38. C,.H,ON,Cl requires N, 31.37%). 

2:4:5-Triamino-6-(p-chloroanilino)-pyrimidine Sulphate (III).—The preceding com- 
pound (2.5 g.) was suspended in water (300 c.c.), heated to 80° and et this temperature 
sodium hydrosulphite was added at intervals with stirring until the reaction mixture 
became only faintly coloured owing to separation of a yellowish coloured substance. 
The mixture was then boiled for about 15 minutes, cooled, filtered and washed with 
water (450-500 c.c.) containing H,SO, (conc., 2 ¢.c.),and any undissolved material 
was filtered off. On cooling the solution, the desired pyrimidine sulphate crystallised 
as light cream-coloured needles (2.7 ¢.). When heated, the sulphate decomposed 
above 200° without melting. For analysis the compound was dried in vacuo at room 
temperature. (Found: C, 32.67; H, 4.06; N, 22.89. CyoHi:sON,CIS requires C, 
32.73 3 H, 4.09 ; N, 22.04%). 

2-Amino-4-(p-chloroanilino)-6 :7-dimethyl-pteridine (I).—The compound (III) (1 g.) 
with a trace of sodium hydrosulphite was slurried in water (20 c.c.) containing an 
equivalent amount of barium chloride (0.64 g.). The mixture was warined to 50° 
for 10 minutes, BaSO, separated by filtration and the residue washed with hot water. 
To the combined filtrate at 50° diacetyl (0.22 g.) in water (3 c.c.) was added dropwise, 
causing an orange colour to develop. ‘The reaction mixture was left at 28-30° for 
3 to 4 hours when some light yellow precipitate appeared. After keeping overnight 
in the cold, the precipitate was filtered and washed with cold water (750 mg.). It was 
crystallised from N:N-dimethylformamide as faint yellow needles, decomposing 
above 300° without melting. (Found: C, 55.91; H, 4.32; N, 27.62. Ci,H,sN,Cl 
requires C, 55.90 ; H, 4.25; N, 27.05%). 

2-Amino-4-(p-chloroanilino)-6 : 7-diphenyl-pteridine (II).—The compound (III) (1 g.) 
was converted into the hydrochloride in the same way as described under compound (I). 


Log«—> 
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To this hydrochloride solution a solution of benzil (0.54 g. in 13 c.c. of hot ethanol) 
was added. The mixture was refluxed for 4 hours, yielding a clear orange solution. 
On cooling and neutralisation with dilute ammonia, a yellow precipitate was obtained 
which was filtered, washed with water and then alcohol (900 mg.). The product 
crystallised from aqueous N : N-dimethylformamide as bright yellow needles, m p. 290°. 
(Found: C, 67.69 ; H, 4.05 ; N, 19.47- CzsHizN,Cl requires C, 67.70; H, 4.04; N, 
19.78%). 

The ultraviolet absorption spectra of these compounds were determined in 0.1N 
acetic acid. The Amex and Amin for compounds (I) and (II) are respectively 355 mp, 
282 mp and 255 mp, 322 mz. The curves are shown in Figs. 1 and 2. 


Fic. 1 Fic. 2 
U. V. spectra of compound (I). U. V. spectra of compound (II), 
rom 44 
42 
4.0 
4.0 
38 
+ 3.8 5 
3.6. + 
3.6 F 
“3.4 
i 1 1 j 1 4 4 1 = 
240 260 280 300 320 340 360 380 240 260 280 300 320 340 360 380 


Microbiological Experiments 


Cultures.—Streptococcus faecalis (ATCC No. 8043) and Lactobacillus arabinosus 17-5 
(ATCC No. 8014) were maintained in stabcultures and Escherichia coli in nutrient-agar 
slant. All these micro-organisms were grown at 37° for 20 to 24 hours and then kept at 5°. 

Media.—The inoculum media and the assay for S. faecalis and L. arabinosus were 
the same as described in ‘‘Methods of Vitamin Assay’’ (2nd Ed., The Association of 
Vitamin Chemists Inc., Interscience Publishers Inc., New York). The compositions 
of the basal and inoculum media of E. coli were those used by Beltz et al. (J. Amer. 
Chem. Soc., 1955, 71, 736). 


Preparation of Inocula.—Eighteen hours’ old cultures of S. faecalis and L. 
arabinosus were seeded in 1oc.c. of the enriched culture medium (loc. cit.) and 
incubated for 18 hours at 37°. The cell suspensions of each culture, thus obtained, 
were centrifuged and the cells after decanting the supernatant were suspended in 
sterile normal saline (10 c.c.) ; 0.1 c.c. of this suspension was added to a second lot of 
10 c.c, saline and thoroughly mixed, One drop of the latter suspension was used to 
inoculate each tube, 


{ 
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The inoculum for E. coli was prepared by transferring a loopful of the organism 
from agar slants to 5 c.c. of the liquid medium. After incubating for 24 hours at 37°, 
a loopful of the cell suspension was transferred to another identical broth tube and 
the incubation was repeated. Finally 6.2 c.c. of this suspension was transferred to 
50 c.c, of sterile saline and each assay tube was inoculated with 0.1 c.c. of this 


suspension. 
Fic. 3 


Effect of compound (1) on the growth of S. faecalis. 
Normal growth 


PGA level 50 x 10-? pg./c.c. 


160 
120 
8 50% inhibition 
80 
Conen. for 50% inhibition =0-85 pg. /c.c. 
Half inhibition index = 170 
40 


OS 1.0 1.5 2.0 
Conc. of inhibitor (ug./c.c.). 


Culture tubes containing nutrients and inhibitors were autoclaved for 10 minutes at 
10 lbs. pressure for sterilisation. 

Microbial growth was measured turbidimetrically with a Klett-Summerson photo- 
‘electric colorimeter, using red filter (No. 66) after 20 hours’ incubation at 37° in all cases. 

Half-inhibition index is defined as the ratio of the inhibitor concentration to the 
metabolite concentration required to suppress 50% of the growth obtained in the 
absence of the inhibitor. 

Determination of Half-inhibitory Concentration —To a series of tubes containing 


pe amounts of each inhibitor the metabolite (folic acid or folinic acid) solution 
was added at a definite level to each tube (when the organism was S. faecalis). The 


basal medium (5 c.c.) was then added and the volume made up to. 10 c.c. with water. 
‘As in the cases of L. arabinosus and E, coli, no external metabolite like folic acid or 
folinic acid is required ; for these organisms only basal medium with water was used 
and no metabolite. Growth was measured in the usual way. The curves were 
constructed by plotting the growth (Klett-reading) against concentrations of the inhibitors 
(Figs. 3 and 4). From the curves the half-inhibitory concentrations of the inhibitors 
were determined and hence the half-inhibition indices. 
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Fic, 4 
Effect of compound ‘I) on the growth of E. coli, 
100 Normal growth 
Conen. for 50% inhibition = 5-4 yg./e.c, 
3 
50% inhibition 
Mo4o 
ag 
H 


4 6 8 
Cone. of inhibitor (ug./c.c.). 
I 


Effects of various pleridines on the growth of micro-organisms. 


: Cone. required for half-inhibition (ug./c.c.). 
Compounds. S. faecalis, L.arabinosus. _E. coli. 


PGA  Adenine+thy- 
medium*. mine medium**, 


-2-Amino-4-(p-chloroanilino)-6 :7- 9-600 12.6 6.4 5.40 
dimethyl-pteridine (I) 

2-Amino-4-(p-chloroanilino) -6:7- 0.850 0.9 1.2 1.65 
dipheny]-pteridine (IT) 
2:4-Diamino-6 :7-dimethy1]-pteridine + 7-250 45.0 7.2 100,0 
2 :4-Diamino-6 :7-dipheny!-pteridine 0.056 : 2.6 0.7 16.40 


*PGA, 5 mug/c.c. 
**Adenine, 30 ug./cc. Thymine,3mg./c.c. 
+ 2:4-Diamino-pteridines have been syathesised according to Malletle}et al. (J. Amer. Chem, Soc., 


1947, 69, 1814). 
TABLE II 


Half inhibition indices of 2-amino-4-(p-chloroanilino)-pteridines (I & II) at various 
levels of PGA and folinic acid in regard to the growth of S. faecalis. 


Conc. of Half-inhibition index 

Inhibitors. metabolites ‘PGA, Synthetic 

~ folinic acid. 
2-Amino-4-(p-chloroanilino)-6 :7- 0.5 20,000 22,000 
.. dimethyl-pteridine (1) 1.0 10,000 11,400 
: 2.0 5,000 6,100 

0.5 2,200 3,200 

diphenyl-pteridine (II) 1.0 1,120 1,600 


10.0 QI 135 


. 
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All experiments were carried out in duplicate or triplicate. Average values are 


recorded in the tables. 
DISCUSSION 


The 2-amino-4-(p-chloroanilino)-pteridines, synthesised here, have been found to be 
strong inhibitors of bacterial growth. The inhibitory effects of these compounds (I and 
II} were compared to those of the corresponding 2 : 4-diamino-pteridines in regard to the 
growth of S. faecalis, L. arabinosus and E. coli, as shown in Table I. 

It will be seen from Table J that in the folic acid growth medium of S. faecalis, 
2:4-diamino-pteridines are more effective as inhibitors than the corresponding 2-amino- 
4-(p chloroanilino)-pteridines. However, when the growth medium of S. faecalis was 
supplemented with adenine and thymine to make this organism nutritionally independent 
of folic acid, compounds (I) and (II) were found to be more active than the correspon- 
ding 2:4-diamino-pteridines. In regard to the growth of L. arabinosus, compounds 
(I) ana (II) showed similar inhibitory effects compared to those of the parent 2: 4- 
diamino-pteridines. When the test organism was E. coli, 2-amino-4-(p-chloroanilino)- 
pteridines showed much higher activity than the parent compounds. 


TABLE III 


Ability of various purine metabolites to reverse the growth inhibitory effects of 
synthetic pteridines on S. faecalis in presence of PGA (1 myg./c.c.). 


Conc. of the Growth percent * 
Inhibitors. inhibitor *Medium supplemented with 
(ug./e.c.). Adeninet+. Guanine+. Adenosine+. Guanosine}+. Nil. 
2-Amino-4-(p-chloro- 20,00 ° ° ° ° ° 
anilino)-6 :7-dimethy1- 15.00 50 52 56 56 ° 
pteridine (1) 12.50 83 80 85 84 19 
10,00 100 99 100 100 50 
2-Amino-4-(p-chloro- 2,00 ° ° ° 
anilino)-6 :7-diphenyl- 1.50 54 58 54 56 ° 
pteridine (II) 1.25 84 81 82 80 19 
1.00 99 97 100 99 50 
2:4-Diamino-6 :7-dimethy1- 20,00 18 18 16 18 15 
pteridine 15.00 45 49 49 50 49 
10,00 58 59 60 60 59 
2 :4-Diamino-6 :7-dipheny]- 0.015 20 18 19 20 16 
pteridine , 0.010 35 34 35 34 32 
0.005 58 57 58 58 55 


*Growth of S. faecalis obtained in basal medium containing 1 myzg./c.c. of PGA=r00. 
**Folic acid growth medium containing no purine and pyrimidine bases, 

+Concentration of these metabolites was 60 ug./c.c. 

It has been shown before by other workers (Daniel et al., loc. cit. ; Elion et al., 
loc. cit.) that the inhibitory activities of 2:4-diamino-6 : 7-disubstituted-pteridines are 
due, to a large extent, to the competitive antagonistic property of these compounds 
against folic acid. As shown in Table I, 2:4-diamino-pteridines, like typical folic 
acid antagonists, are much more inhibitory to the growth of S. faecalis in folic acid 
medium than in adenine-thymine medium, Folic acid antagonists become much less 


‘ 
be 
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effective in regard to the inhibitory effect on the growth of S. faecalis, because in 
presence of adenine and thymine, the role of folic acid as co-factor for the synthesis of 
the purine ring and 5-methyl group of thymine becomes non-essential. It will be seen 
from Table I that in cases of 2-amino-4-(p-chloroanilino)-pteridines, unlike the 2:4- 
diainino-pteridines, half-inhibitory concentrations are nearly the same in both the 
media for S. faecalis. This clearly indicates that compounds ({) and (II) do not 
behave as competitive antagonists of folic acid as the corresponding 2 :4-diamino- 
pteridines do. 

That these 2-amino-4 (f-chloroanilino’-pteridines are non-competitive inhibitors of 
folic acid is further supported by the fact that the half-inhibition indices of (I) and 
(II) against pteroylglutamic acid (PGA) or folinic acid in regard to the growth of 
S. faecalis vary widely with the change in concentrations of these metabolites, as 
shown in Table II. It may also be observed from Table II that with 2-amino-q-(p- 
chloroanilino)-pteridines, inhibition indices are nearly the same whether PGA or folinic 
acid serves as growth factor for S. faecalis, indicating a difference in the nature of their 
activity from that of other folic acid antagonists. 

Tilion et al. (loc. cit.) observed the ability of purine bases of nucleic acid to reverse 
the inhibitory effects of various synthetic pteridines on L. casei when combined with 
tolic acid. The ability of various nucleic acid bases and their ribosides to reverse the 
growth-inhibitory effect of 2-amino-4-(-chloroanilino)-pteridines on S. faecalis and 
E. coli has been investigated. Only purine bases and their ribosides were found to 
have significant effects in this respect. The pyrimidine bases of nucleic acid like 
uracil, cytosine, thymine or their sugar derivatives, such as uridine, cytidine or 
thymidine, were unable to reverse the inhibitory effects of these 2-amino-4-(p-chloro- 


anilino)-pteridines ([ and II). 
TaBLe IV 


Ability of various purine metabolites to reverse the inhibitory effects of synthetic 
pteridines in regard to the growth of E. col. 


Conc. of the *Growth percent. 

Inhibitors. inhibitors Medium supplemented with 
(ug./c.c.). Adeninet. Guanine}. Adenosine+. Guanosinet. Nil. 
2-Amino-4-(p-chloro- 10.0 8 7 10 9 re) 
anilino)-6 :7-dimethyl- 3.0 30 30 33 34 19 
pteridine (I) 6.9 75 78 83 83 45 
500 95 96 93 98 50 

anilino)-6 :7-dipheny1- 4.0 20 22 25 26 15 
pteridine (11) 2.0 69 69 75 76 35 
10 88 88 91 go 58 
2 :4-Diamino-6 :7- 140 25 23 23 24 20 
dimethyl-pteridine 100 55 53 55 54 52 
2 :4-Diamino-6 :7- 18 28 26 26 28 24 
diphenyl-pteridine 12 56 55 54 55 53 


*Grewth of E. coli obtained in basal medium =1oo. 
+The addition of these metabolites to the culture medium does not result in any further stimulation 


of growth of the organism in absence of inhibitor. 
tConcentration of these metabolites was 60 ug./C.C+ 


s—1996P—9 


‘ 
| 


658 D. ROY, S. GHOSH AND B. C, GUHA 


It will be observed from Table III and also Table IV that the purine ribosides, 
adenosine and guanosine, are not superior in respect of this inhibition reversal effect 
to the corresponding purine bases, adenine and guanine. This was perhaps due to 
the fact that both the purine bases and their ribosides were equally well utilised and 
then converted into the same metabolite which blocked the inhibitory effects of compounds 
(I) and (II). This kind of reversal effect of purines was, however, observed only at 
low concentrations of the 2-amino-4-(f-chloroanilino)-pteridines. At higher concen- 
trations of the inhibitors, addition of purine with PGA ceased to show any reversal 
effect. The growth inhibition of S. faecalis by 2-amino-2-(p-chloroanilino)-6 :7- 
diphenyl-pteridine (II) became completely irreversible, no matter how much PGA was 
added to the culture medium, when the inhibitory concentration reached 1.5 ug./c.c. 
Grewth of S. faecalis, however, could be promoted to over 50% by adding adenine in 
the presence of only 1 mug./c.c. of PGA at this concentration of inhibitor (II). Adenine 
showed no growth-promoting effect at all when inhibitor (II) concentration reached 
2 pzg./c.c. Similar was the case with inhibitor (I). The ability of purines to reverse 
the growth inhibition of E. coli in salt-glucose medium was also observed to a limited 
extent. PGA, folinic acid, pyrimidine bases or their ribosides were ineffective under 
this condition to reverse the inhibitory effects of (I) and (II). The purine bases did 
not show any reversal effect in regard to S. faecalis and E. coli when the inhibition 
was brought about by 2 :4-diamino-pteridines. 

These studies indicate that the replacement of the C, amino group by f-chloro- 
anilino group in 2:4-diamino-pteridines can give rise to compounds with higher 
inhibitory activities in regard to various micro-organisms. ‘This structural alteration 
at the same time changes considerably the biological activities of 2: 4-diamino-pteri- 
dines. From these experiments it appears that the biological action of 2-amino-4- 
(p-chloroanilino)-pteridines depends partly upon their interference with the metabolism 
or functions of purines in micro-organisms, That these pteridines may have also other 
loci of action is indicated by the fact that the ability of purine bases to reverse the 
inhibition by these pteridines is only limited. 


These compounds were kindly tested by Dr. Chester Stock at the Sloan-Kettering 
Institute, New York, on mouse sarcoma 130 in vivo, for possible anti-tumour activity. 
None of these compounds, however, showed any significant anti-tumour activity. 


Thanks are due to Dr. Chester Stock, Sloan-Kettering Institute, for testing the 
syuthesised pteridines for possible anti-tumour activity. ‘The authors are grateful to 
the Council of Scientific & Industrial Research, Government of India, for financing 


this work. 
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STUDIES IN THE FRIEDEL-CRAFTS REACTION, PART IV. SYNTHESIS 
OF 7-isoPROPYL-3-KETO-6-METHOXY-1 : 2:3 :9:10:10a- 
HEXAHYDROPHENANTHRENE 


By Sistr Kumar SENGUPTA, RABINDRA NATH Briswas* AND 
Bipyut KAMAI, BHATTACHARYYA 


2-isoPropylanisole has been condensed with succinic anhydride to afford B-(4-hydroxy-3-isopropyl- 
benzoy])-propionic acid. acid, on oxidation, furnishes 
p-methoxy-m-cumic acid, identical with an authentic sample prepared from 5-carboxy-2-hydroxyaceto- 
phenone. The propionic acid has been reduced to y-(3-isopropyl-4-methoxypheny])-butyric acid which, 
on cyclisation, affords 6-isopropyl-1-keto-7-methoxy-1 :2:3 :4-tetrahydronaphthalene which, on reduction, 
dehydration and dehydrogenation, is converted into 2-isopropyl-3-methoxynaphthalene and then 
to the phenol (VIII: R=H), identical with an authentic sample prepared from 2-carboxy-3-hydroxy- 
naphthalene. ‘The compound (V), on the Mannich-Robinson reaction, followed by cyclisation with base, 
affords 7-isopropy!-3-keto-6-methoxy-1 :2 :9 :10:10a-hexahydrophenanthrene, which is converted through 
the alcohol (XI) into 2-isopropyl-3-methoxyphenanthrene. 


The synthesis of 7-isopropyl-3-keto-6-methoxy-1 : 2 : 3 :9:10 : 10a-hexahydrophenan- 
threne is described in the present communication. Although 2-isopropylanisole was 
prepared by Tzukervanik and Nazareva (J. Gen. Chem., U.S.S.R., 1935, 5, 767) as 
well as by Gardner (J. Amer. Chem. Soc., 1954, 16, 4550), it was obtained, in the 
present case, by reacting methyl ether of ethyl salicylate with the Grignard reagent, 
followed by dehydration and hydrogenation. 


2-'soPropylanisole was condensed with succinic anhydride to afford f-(4-hydroxy- 
3-isopropylbenzoyl)-propionic acid which was methylated to §-(3-isopropyl-4-methoxy- 
benzoyl)-propionic acid. 


YY 


O 
(I) (II) (III) 


Although the ultraviolet absorption maximum pointed to the structure (II), yet to 
determine, by degradation, the orientation of the entering group, the acid (II: R=Me) 
was oxidised with sodium hypochlorite solution to furnish f-methoxy-m-cumic acid 
(Gilman and Calloway, ibid., 1933, 55, 4197), identical with an authentic sample which 
was prepared from 5-carboxy-2-hydroxy-acetophenone (Shah and Shah, this Journal, 
1949, 26, 235), as schematically shown below. 


*In part, 
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CO,H 
an 

| | —s | | —> (Itt) 

| CO.Me CO.Me 

OH OMe OMe 


The keto-acid (Il: R=H) was reduced with zinc amalgam and hydrochloric acid 
and then methylated with dimethy] sulphate and alkali to afford y-(3-isopropy]-4-methoxy- 
phenyl)-butyric acid. The latter furnished a methy! ester (IV:R=Me). The cyclisa- 
tion of the acid (IV: R=H) could best be accomplished, through its acid cliloride, 
with stannic chloride in benzene solution. 


MeO. MeO. AYN 
YY s.COR ¥ 
(IV) (V) (VA) 
OH 
| | 
(VI) (Vil) (VIII) 


Of the two possible structures (V and VA), the former is preferable from the cousi- 
deration of the steric factor operating in the Friedel-Crafts reaction. The final prcof, 
that the cyclised ketone is indeed 1-keto-6-isopropyl-7-methoxy-1 : 2:3 :4-tetrahydroe 
naphthalene, has been furnished in the following way. 

The tetralone was reduced with lithium aluminium hydride (Sen Gupta and Bhatta- 
charyya, ibid., 1959, 36, 273) and the resultiug alcohol was dehydrated with potassium 
hydrogen sulphate to afford 6-isopropyl-7-methoxy-3 : 4-dihydronaphthalene (V1!) which, 
on dehydrogenation with sulphur, afforded 2-isopropyl-3-methoxynaphthalene (VIII) as 
an oil. Demethylation of (VIII) furnished crystalline 2-isopropyl-3-hydroxynaphti:alene, 
identical with an authentic sample prepared from 3-carbethoxy-2-methoxynaphtbalene, 
as shown schematically below. 


MeO 
Metter Hy HPr+HOAc 
| | | | | (VII) _(Vill) 


2. -H,O = 
u10,c7 VY VAN AN R=Me R= H 
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In agreement with the observation of Turner et al. (J. Amer. Chem. Soc., 1956, 18, 
50923), the Mannich-Robinson reaction with methoiodide of 4-diethylaminobutanone-2 
on the tetralone (V) could not be carried out, under different conditions. But the 
hydroxymethylene derivative of the ketone (V), prepared with ethyl formate and sodium 
methoxide, underwent smooth condensation (Wilds and Shunk, ibid., 1950, 72, 2388) 
to afford a crude product which on treatinent with alkali (Wilds and Shunk, ibid., 1950, 
72, 57043 Khastgir and Bhattacharyya, this Journal, 1949, 26, 296) furnished crystalline 
7-isopropyl-3-keto-6-methoxy-1 :3:3:9:10:10a-hexahydrophenanthrene. The latter (X) 
was reduced to the alcohol (XI) which, on dehydrogenation, afforded 2-isopropyl-3-meth- 
oxyphenanthrene. 


OMe OMe 
\Z 
W\4 
(X) (XI) (XII) 


*ExPERIMENTAL 


2-isoPropylanisole (i}.—’To a weil-cooled solution of the Grignard reagent, prepared 
from methyl iodide (54 c.c.), magnesium (20 g.) anda mixture of dry ether (100 c.c.) 
and é¢ry benzene (200 c.c.), was added with shaking a solution of methyl ether of ethyl 
salicylate (36 g.) in dry ether (100 c.c.) After allowing the reaction to proceed at room 
temperature for 12 hours, it was refluxed for 6 hours on the steam-bath, when a black 
slimy precipitate separated out. It was decomposed with ice (500 g.) and HCI (conc., 
tooc.c.). ‘he organic layer was separated and the aqueous layer, after saturation with 
ammonium chloride, was extracted twice with a mixture of ether and benzene. The 
combined extract was washed with 10% sodium hydroxide solution and water, and dried 
over anhydrous sodium sulphate. After removal of the solvent, the residual oil was 
distilled, b.p. 120-205°, dried (CaCl,) and redistilied, b.p..195-200°, yield 23.9 g. 


When an attempt to dehydrate the crude carbinol with either a little H,SO, 
(conc.) or a crystal of iodine was made, the yield of the methoxystyrene derivative 
was poor. 

The aforementioned unsaturated compound (23 g-) was hydrogenated in 95% 
ethanol with platinum oxide catalyst (0.17 g.). The absorption of hydrogen was 
complete within 24 hours. The reaction product was worked up and distilled, b.p. 
193-65°, yield 23 g., ms° 1.5071 (lit. records n° 1.5070). (Found: C, 80.05; H, 
9.33. Calc. for C,oH,,O: C, 79.95 ; H, 9.39%). 


*All melting points are uncorrected. The ultraviolet absorption spectrum was examined by the 
Unicam spectrophotometer, S.P. 500, in 95% ethanolic solution. 
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Acid (II:R=H).—(a). To a solution 
of the compound (I, 45 g.) and succinic anhydride (30 g.) in mitrobenzene (300 c.c.), 
cooled in an ice bath, was added with shaking anhydrous aluminium chloride (120 g., 
during 30 mins. The reaction was fllowed tu proceed at room temperature’ for 
48 hours. The reaction mixture was decomposed with ice (200 g.) and HCI (conc.. 
150 c.c.). After removal of the nitrobenzene the precipitated material was extracted 
with chloroform. ‘The organic layer was extracted with sodium carbonate solution. 
On acidification of the aqueous alkaline layer, the keto-acid (65 g.), m.p. 131-32°, 
was obtained as a coloured material. A portion of it was crystallised several times 
from benzene with the help of charcoal to afford the pure material, m.p. 134-35°. 
(Found : C, 65.90; H, 6.99. C,sH,.O, requires C, 66.10 ; H, 6.78%). 

(b). To a cooled mixture of anhydrous aluminium chloride (4 g.), nitrobenzene 
(50 c.c.) and the compound (I, 2 g.) was slowly added with shaking succinic anhydride 
(1.33 g.). After allowing the reaction to proceed for 24 hours at room temperature, 
it was worked up to furnish the keto-acid (3.1 g.), n.p. 132-33°. 

When the reaction was carried out with the same quantities of the reagents in a 
mixture of tetrachloroethane (40 c.c.) and nitrobenzene (10 ¢.c.), the keto-aci4 (3.1 g.), 
m.p. 132-33°, was obtained. 

B-(3-isoPropyl-4-methoxybenzoyl)-propionic Acid (II:R=Me).—To a solution of 
the keto-acid (II: R=H ; 3.25 g.) in 10% aqueous KOH (4o0c.c.) at 40° was added 
dropwise dimethyl sulphate (10 c.c.) with shaking so that the temperature remained 
between 40° and 50°. After allowing the reaction to proceed at 40-50° for one hour, 
45% aqueous KOH (1oc.c.) was added and it was heated on the steam-bath for 
45 mins. After cooling, the alkaline solution was acidified with HCI (dilute) and 
the precipitated acid (3 g.), m-p. 133-34°, was crystallised several times from benzene 
to afford a colorless crystalline material, m.p. 135-36°; Amax 222 mp (€ 13,900), 
272 mp (e 13,500). The mixed m.p. of this acid and the hydroxy-acid (II :R=H) 
was 133-34°. (Found: C, 67.02 ; H, 7.15. C,4HisO, requires C, 67.22 ; H, 7.22%). 

Methyl 3-isoPropenyl-4-methoxybenzoate.—A mixture of 5-carboxy-2-hydroxy- 
acetophenone (9.5 g.), methanol (95 c.c.) and H,SO, ({conc., 9.5 ¢.c.) was refluxed for 
16 hours ‘The reaction mixture was worked up with ether and sodium carbonate 
solution to furnish the crude ester (7.5 g.), m.p. 80-85°, which was crystallised from 
benzene to afford the pure substance, m.p. 98-g9° (Wilus, Arch. Pharm., 1942, 76, 280). 

Yo a stirred solution of sodium (1.78 g.) in methanol (40 c.c.) was added, under 
cooling, a solution of the aforementioned ester (7.5 g.) in methanol (200 c.c.). After 
allowing it to stand for 12 hours, methyl iodide ‘15 c.c.) was added and the resulting 
mixture was refluxed for 4 hours. The methoxy ester, thus formed, was worked up 
with ether and a 2% NaOH solution. On distillation of the crude product at 140. 
45°/1.0 mm, it furnished a colorless material (4.5 g.), m.p. too-ror°, which did not 


show a positive ferric reaction. 

To a stirred solution of the keto-ester (1.7 g.), cooled in an ice-bath, was added 
dropwise a solution of the Grignard reagent, prepared from magnesium (0.21 g.), 
methyl iodide (1 c.c.) and dry ether (20c.c.). After allowing it to stand for 12 hours 
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at room temperature it was refluxed for 2 hours. The reaction mixture was decom- 
posed with cold ammonium chloride solution and then with a little ICI (dil.). On 
working up as before, the crude product (1.5 g.), Amax 256 mp (€ 11,000), was heated 
with fused powdered potassium hvrdrogen sulphate (3 g.) at 70-80° for 30 minutes. 
The reaction product was taken up in ether and distilled, b.p. 160-65°/8 mm, yield 
1.2g. (Found: C, 69.99; H, 6.8. C.2H,,O; requires C, 69.90 ; H, 6.5%). 


Methyl 3-isoPropyl-4-methorybenzoate.—-A solution of the aforementioned unsatu- 
rated ester (1 g.) in 95% ethanol (50 c.c.) was hydrogenated over 10% palladium on 
charcoal (0.1 g.}, as described before, to afford the saturated ester, b.p. 143-45°/6 mm, 
yield 0.96 g. (Found: C, 69.60 ; H, 7.68. C,2H,.03 requires C, 69.23 ; H, 7.69%). 


p-Methoxy-m-cumic Acid (III).—(a). Methyl 3-isopropyl-4-methoxybenzoate 
(o.5 zg.) was refluxed with 10% MeOH-KOH (20 ¢c.c.) for 4 hours. After dilution 
with water the neutral material was separated by ether and the aqueous layer, on 
acidification with HCI, afforded the acid (0.3 g.), m.p. 159-614°, which on crystallisation 
furnished the pure material, m.p. 165-66°. The mixed m.p. of this acid with that 
prepared under (b) (vide infra) remained undepressed. 


(b), To a solution of sodium hypochlorite, prepared from sodium hydroxide 
(2.18 g.) (“Organic Synthesis’, Collective Volume IT, John Wiley & Sons Inc., p. 428), 
at 55° was added with stirring the keto-acid (II: R=Me; 1.25 g.). An exothermic 
reaction started and the temperature was maintained between 60° and 70° by frequent 
cooling in an ice-bath until the temperature no longer tended torise. ‘The reaction 
was allowed to proceed further 14 hours and then the excess sodium hypochlorite was 
destroyed by sodium bisulphite solution. It was cooled and carefully acidified with 
HCI (cone.), when a coloured solid {1 g.), m.p. 156-60°, separated out. This was 
dissolved in 95% ethanol, charcoaled and filtered. On dilution with water, crystals 
(o.8 g.), m.p. 163-65°, separated out. It was crystallised four times from dilute 
ethanol (1:1) to furnish the pure material, m.p. 164-65°. (Found: C, 68.30; H, 7.20. 
Cale. for C,,H,,0;,: C, 68.04 ; H, 7.22%). 


Methyl y-(3-isoPropyl-4-methoxyphenyl)-butyrate (IV: R=Me).—A mixture of 
amalgamated zinc, prepared from mossy zinc (200 g.; “‘Organic Reactions’’, Vol. I, 
John Wiley & Sons Inc., p. 163), HICI (conc., 200 c.c.), toluene (200 c.c.) and keto- 
acid (II, 75 g.) was refluxed for 48 hours, during which time HCl (conc., 15 c.c.) 
was added every 3 hours. After cooling, the organic layer was separated and the 
aqueous layer was extracted thrice with benzene (75 c.c. each). After evaporation 
of the solvents the combined residue was dissolved in 10% aqueous KOH solution 
(400 c.c.) and methylated with dimethyl sulphate, as described before, when copious 
separation of potassium salt took place. Acidification with HCI (conc.), followed by 
thorough extraction with benzene and solvent evaporation, afforded a crude viscous 
acid (60 g.). A portion (30 g.) of the crude acid was refluxed with methanol (100 c.c.) 
and H,SO, (couc., 6c.c.) for 16 hours. On working up the reaction mixture in the 
usual way with ether and 2% NaOH solution, the pure ester (27.4 g.) was obtained, 


| 
) 


664 S. K, SENGUPTA, R. N. BISWAS AND B. K. BHATTACHARYYA 
b.p. 140°/1.5 mm ; Amex 223 mp (e 6,920), 275 mp 1,860) ; 1.4955. (Found : 
C, 72.19; H, 8.78. Ci;H.20s3 requires C, 72.01 ; H, 8.86%). 


6-isoPropyl-7-methoxytetralone (V).—(a). To a stirred solution of the crude acid 
(IV: R=H; 6.2g.) in thiophene-free dry benzene (26c.c.) was slowly added PCI, 
(5.48 g.) while the teniperature of the reaction was kept between 5° and 10°. The 
resulting pale brown solution was allowed to stand at room temperature for an hour, 
and then gradually heated to 50° and kept at that temperature till there was no evolu- 
tion of HCl gas. Then, to the solution of the resulting acid chloride, cooled ina 
freezing mixture, was added rapidly stannic chloride (4.2 c.c.) when a blood-red colour 
developed which quickly turned to dark green, and then a dark green semi-solid 
material precipitated out. ‘The stirring was continued for further 15 minutes and the 
complex was decomposed with iced HCl (cone., 25 ¢.c.) and ether (25 ¢.c.). The 
organic layer was separated and the aqueous layer was extracted four times with 
ether. The combined extract was washed successively with cold 5% HCl (200¢c.c.), 
cold water and cold 5% NaOH solution, and dried over anhydrous sodium sulphate. 
After evaporation of the solvent the residue was distilled. b.p. 130°/0.5 mm; mpo”° 
1.5551; Amax 222 mp (e 12,880), 261 mp (e 8,710), 318 mp (e 2,950). (Found: C, 
76.96 ; H, 8.45. C.4H,,O, requires C, 77.03 ; H, 8.31%). 


The crude semicarbazone (0.25 g., m.p. 200-202°), prepared from the ketone (0.2 g.) 
by the pyridine method, was crystallised 6 times from methanol to furnish colorless 
crystals, m.p. 203-204°. (Found : C, 65.33; H, 7-68. Ci;H2:0,N; requires C, 65.45 ; 
H, 7.64%). 

(b). A mixture of the aforementioned ester (IV: R=Mej, KOH (2.2 g.) 

' methanol (20 c.c.) was refluxed for 4 hours. To a solution of the crude acid, thus 
obtained, in dry benzene (50 c.c.) were added thionyl chloride (4 c.c.) and a drop of 
pyridine. After allowing it to stand for 14 hours, the solvent and the excess thionyl 
chloride were removed under reduced pressure. To the solution of the residual acid 
chloride in dry thiophene-free benzene, cooled in a freezing mixture, was added 
portionwise with stirring, anhydrous aluminium chloride (2.7 g.) in 10 minutes, when the 
‘solution became dark red. ‘The stirring was continued for 2 hours in the cold and further 
2 hours at room temperature, when some tarry material separated at the bottom. ‘The 
reaction mixture was treated with iced HCl and worked up as before toafford the 
ketone, b.p. 150-52°/1.5 mm, yield 3 ¢., identified with the ketone prepared under (a) 


(vide supra) through the semicarbazone. 


and 


1-H ydroxy-6-isopropyl-7-methoxy-1 : 2: 3: 4-telrahydronaphthalene (VI).—Toa siurry 
of LiAlH, (0.8 g.) in dry ether (20 c.c.), cooled in ice-water, was added a solution of 
the ketone (V, 2.1 g.) in dry ether (10 c.c.). The reaction was allowed to proceed at 
room temperature for 24 hours. It was decomposed with ethanol, followed by HCI 
(dil.). On working up and distillation, the viscous alcohol, b.p. 140°/1 mm, was 
obtained in a quantitative yield. (Found: C, 76.63; H,9.0. C,sH.oO, requires: C, 


76.36; H, 9.15%). 
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6-isoPropyl-7-methoxy-3 : 4-dihydronaphthalene (VII).—An intimate mixture of the 
alcohol (VI, 4.2 g.) and fused and powdered potassium hydrogen sulphate (8 g.) was 
heated in an oil-bath at 180° ‘or 45 minutes. The unsaturated compound was extracted 
with benzene ; after evaporation of the solvent, the residue was evaporatively distilled 
at 120°/o.4 mm, yield 1.4g. This was again evaporatively distilled at 80°/o.1 mm ; 
Amex 263 mp (¢ 7,230). (Found: C, 83.77; H, 8.96. C,.HisO requires C, 83.17; H, 
8.91%). 


2-isoPropenyl.3-methoxynaphthalene (IX).— 3-Hydroxy-2-naphthoic acid was 
methylated and then esterified by the methods described before to furnish the methoxy- 
ester in 82% overall yield. he Grignard reagent (MeJ 17 c.c., Mg 6g. and ether 
100 c.c.) was allowed to react with the ester (11.5 g.), and the reaction was completed by 
refluxing for 6 hours. After working up, the crude product (10 g.) was refluxed with 
a 10%NaOH solution (100 c.c.) for 4 hours. After dilution with water, the neutral 
material was taken up with a mixture of ether and benzene. The viscous residue (9 g.), 
obtained after evaporation of ether-benzene, could not be made analytically pure 
by evaporative distillation. A portion of the viscous oil (5 g.! was dehydrated with 
potassium hydrogen sulphate (10 g), as described before with (VI), and then worked 
up and distilled to furnish a coloured unsaturated compound, b.p. 125-28°/o.4 mm, 
yield 3.3g¢. It was redistilled, b. p. 126°/o.66mm. (Found: C, 84.80; H, 7.37. 
C,,H,,0 requires C, $4.84 ; H, 7.07%). 


2-isoPropyl-3-methoxynaphthalene (VIII : R=Me).—(a). The compound (IX, 3.3 g-) 
was hydrogenated catalytically with 10% palladium on charcoal (0.25 g.) in 95% 
ethanol (25 c.c.), worked up and distilled to furnish the saturated compound, b.p. 117°/ 
0.6 mm, yield 3.05g. A portion of the Jatter (0.5 g.) was converted into the red crystalline 
picrate (0.7 g.)) m.p. 126-27°. Four crystallisations from 95% ethanol furnished red 
crystals (0.5 g.), m.p. 128-29°. (Found: N, 9.97. C2oHi9OsN; requires N, 9 79%). 


A solution of the picrate 0.4 g) in benzene (10 c.c.) was poured on a column of 
alumina (4 g-' which, on elution with the same solvent, afforded a liquid (200 mg.). 
Three evaporative distillations at 95-100°/o 4mm furnished the pure naphthalene 
derivative (Found: C, 83.96; H, 8.10. C,,H,.O requires C, 83 95 ; H, 8.05%). 


(b). A mixture of the compound (VII, 1.3 g.) and a calculated amount of sulphur 
was heated at 190-200° for half an hour. ‘The reaction product was worked up with 
benzene and the benzene solution charcoaled and filtered. The filtrate was passed 
through a column of alumina (2 g.) and eluted with the same solvent. The oil, obtained 
after evaporation of the solvent, was evaporatively distilled at 100/0.4 mm to furnish 
the desired compound (1 g.), which was purified through the picrate, m p. 126-27° 
[the mixed m.p. with the sample prepared in (a) remained undepressed ], as described 
under (a), and evaporatively distilled at 80°/o.1 mm to furnish the pure compound ; 
Amax 226 mp (€ 28,200), 262 mp (€ 5,130!, 309 mp (€ 537), 321 mp (€ 759) ; Amin 246 mp 
(e 2,884), 203 mu (e 2,754). 314 me (e537). (Found; C, 84.29; H, 7.86. CywHicO 
requires C, 83.95; H, 8.05%). 
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2-Hydroxy-3-isopropylnaphthalene (VIII1 : R=H).—(a). The naphthalene deriva- 
tive (0.5 g-), prepared under (a) (VIII, R= Me), was refluxed, in nitrogen atmosphere, 
with a mixture of glacial acetic acid (6 c.c.) and 48% HBr (2c¢.c.) for 2 hours. It was 
poured into ice-water and the precipitated material was extracted thoroughly with 
petroleum ether (60-80°). The organic layer was washed with sodium bicarbonate 
solution, water and the Claisen alkali (50 c.c. ). The last washing, which was violet in 
colour, was acidified with cold HCl (1:1) and then extracted with petroleum ether. 
The organic layer was washed with water and dried over anhydrous sodium sulphate. 
After evaporation of the solvent, the residue was evaporatively distilled at 100-105°/0.4 1mm, 
when a solid sublimate (0.24 g.) was obtained. Six crystallisations from petroleum 
ether (40-60°) afforded colorless needles, m.p. 83-84°. (Found: C, 83.83; H, 7 80. 
C.;H,,O requires C, 83.87 ; H, 7 58%). 


(b). To a solution of the Grignard reagent, prepared from magnesium (0.48 g.) 
and methy] iodide (1.3 c.c.) in dry ether (10 c.c.), was added 2-isopropyl-3-methoxy- 
naphthalene ‘0.5 g.), prepared from (VII). After distilling off the solvent, the residue 
was heated at 170-80° for 1 hours. It was cooled, decomposed with iced ammonium 
chloride solution and worked up with ether. After washing, drying and evaporating 
the solvent, the residue, m.p. 70-75°, was crystallised several times with petroleum 
ether (40-60°) to furnish colorless crystals, m.p. 80-82°, which on subsequent recrystal- 
lisations from n-hexane afforded colorless needles; m.p. 82-83°. (Found: C, 83.37; 
H, 7.82.. C,,;H,,O requires C, 83.87 ; H, 7.58%). 


No depression of the m.p. was observed when this material was mixed with the 
phenol, prepared under (a). 


7-isoPropyl-3-keto-6-methoxy-1 :2:3:9:10:10a-hexahydrophenanthrene (X).—To a 
suspension of sodium methoxide, prepared from sodium dust (0.8 g) and absolute 
methanol (1.2 c.c.) in dry thiophene-free benzene (40 c.c.), cooled in an ice-bath, 
were added dropwise, under nitrogen atmosphere, a solution of (V, 6.7 g.) and ethyl 
formate (2.4g.) in dry thiophene-free benzene (40 c.c.) during one hour with shaking. 
The reaction was allowed to proceed at room temperature for 24 hcurs when a brown 
semi-solid mass precipitated out. The supernatant benzene layer was separated and 
the semi-solid mass was washed with dry benzene. The residual material was treated 
with cold HCl (dil.) and the precipitatcd oil was extracted thoroughly with ether. 
The combined benzene layer and washings were washed, with a cold 5% NaOH solution. 
The aqueous alkaline layer was acidified and extracted thoroughly with ether. The 
combined ether extract was washed with water and dried over anhydrous sodium 
sulphate. After evaporation of the solvent, the residue (7.3 g.) developed a violet 
coloration with alcoholic ferric chloride. 


To a stirred mixture of the crude formyl derivative (7.3 g.), absolute methanol 
(15 c.c.), dry thiophene-free benzene (25 c.c.) und methoiodide of 4-diethylaminobu- 
tanone-2, prepared from the base (5 g.) and methyl iodide (5 g.), cooled in an ice-bath, 
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was added dropwise during 30 minutes, under nitrogen atmosphere, a solution of 
potassium butoxide’, prepared from potassium (1-3 g.) and butanol‘ (33c.c); After 
stirring for further 14 hours, it was allowed to stand for 16 hours and then treated 
with water (50 c.c.). After removal of benzene and alcohols under reduced pressure, 
the residual oily suspension was extracted thoroughly with a mixture of benzene 
and ether. The organic layer was washed with a 5% NaOH solution (ro c.c.) which 
on acidification with cold 10o%HCI furnished the unchanged formy! derivative (1.1 g.). 
The netural material (5.2 g.), obtained after evaporation of the solvent, could not 
be induced to crystallise. A solution of the latter (4.1 g.) and KOH (20 g.) in 
methanol (500 c.c.) and water (40 c.c.) were slowly distilled in a current of nitrogen 
under mild suction. Most of the aqueous methanol (500 c.c.) was collected as a 
distillate during 2 hours. The residue, after dilution with cold water, was extracted 
thoroughly with a mixture of ether and benzene. After removal of the solvent, the 
product was evaporatively distilled under 0.4 mm: (1) 145-48° (1 g.); (ii) 200-10° 
(2.1 g.), m.p. 121-22° with associated oil. The latter fraction was crystallised once 
from methanol to afford yellowish crystals (1.5 g.), m.p. 122-23°, which was dissolved 
in petroleum ether (60-80°) and chromatographed on alumina (45 g.). The colorless 
crystalline materials eluted in the latter fraction of petroleum ether (60-80°) and that 
with 10% benzene in petroleum ether were combined (0.92 g.) and were then crystallised 
four times from aqueous methanol to furnish silky needles, m.p. 125-26° ; Amax 301 nf 
(¢ 16,980). (Found: C, 79.93 ; H, 8.19. CisHa303 requires C, 80.00 ; H, 8.15%). 

The crude semicarbazone, m.p. 205-207° with a shrinkage at 202°, prepared from 
the ketone (300 mg.) by the pyridine method, was crystallised seven times from 
methanol, m.p. 209-10°, yield 150 mg. (Found: C, 69.93; H, 7.51. CisH.,0,N; 
requires C, 69.72 ; H, 7.64%). 

The fraction (i) was treated with a mixture of glacial aceite acid (45 c.c.) and 
HCI (conc., 15 c.c.) according to the procedure of Chatterjee and Bhattacharyya 
(this Journal, 1958, 35, 19) to furnish an vil, evaporatively distilling at 160-65°/0.4 mm. 
(Found: C, 74.60; H, 8.3%). 

3-H ydroxy-7-isopropyl-6-methoxy-1 :2:3:9:10:10a-hexahydrophenanthrene (XI).— 
The unsaturated ketone (0.7 g.) was reduced with LiAIH, (150 mg.) in ether (40 c.c.), 
as described before, to furnish a crude alcohol (0.7 g.), m.p. 137-40°. Six crystallisa- 
tions from a mixture of ethanol and ether, followed by once from 95% ethanol, afforded 
the pure material, m.p. 141-42°. (Found: C, 79.22; H, 8.85. C,sH3,0. requires 
C, 79.41; H, 8.82%). 

2-isoPropyl-3-methoxyphenanthrene (XII).—An intimate mixture of the aforemen- 
tioned alcohol (XI, 0.7 g.) and selenium powder (1 g.) was heated at 280-300° (bath 
temperature) for 30 hours. The fluorescent benzene extract was evaporated and the 
residue was evaporatively distilled at 145-50°/0.2-0.3 mm to furnish an oil (400 mg.), 
a hot solution of which in ethanol (10 c.c.) was treated with a hot solution of picric 
acid (0.3 g.) in ethanol (5 c.c.) to afford the red picrate (0.3 g.), m.p. 177-79°. The 
mother-liquor, on concentration, yielded another crop of picrate (0.2 g.), m.p. 176-79°. 
Seven crystallisutions of the picrate from 95% ethanol furnished orange crystals, 
m.p. 179-80°. (Found: N, 8.96. C..H,,0,N; requires N, 8.76%). 
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The picrate (0.4 g.) was decomposed on alumina (40 g.), using benzene as solvent, 


to furnish an oil (0.2 g.) which on three evaporative distillation at 135-40°/0.2 mm 


afforded the pure meterial ; n5*"* 1.6430; Amax 218 mp (e 23,400), 251 mu fe 50,000), 


301 (e 7,900), 334 mp 1, 590), 350 mu (1,600); Amin 230 mp £8,000), 297 mp 


(e 7,080), 324 mp (€ 660), 340 mu (6 50). (Found: C, 86.55; H, 7.22. C,,H,,0 
requires C, 86.40 ; H, 7.20%). 
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INFLUENCE OF CHEMICAL CONSTITUTION ON THE ROTATORY POWER 
OF OPTICALLY ACTIVE COMPOUNDS. PART VI. ROTATORY 
DISPERSION OF THE SALTS OF BRUCINE WITH BROMO- 

AND IODOBENZOIC ACIDS (o0-, m- & p-) 


By Sinca MANHAS AND SAKTI PRASAD BANERJEE* 


Salts of brucine with bromo- and iodobenzoic acids (o-, m- and p) have been prepared and 
their rotatory dispersions described. The effects of solvents, position is.»merism and substituent 
groups on the rotatory power of these salts have also beer discussed. 


The present communication is a continuation of our earlier work (Manhas and 
Banerjee, Proc. Nat. Acad. Sci., India, 1957, 26A, 285; J. Univ. Saugar, 1957, 6, 23) 
and describes the preparation of the salts of brucine with bromu- and iodobenzoic acids 
(o-, m- and p-). The rotatory dispersion of these salts in various non-aqueous solvents 
has been studied and the effect of replacing the hydrogen atom by the electro- 
negative bromine and iodine atoms in the o-, m- and f- positions of brucine 
benzoate on the rotatory power has also been incorporated. 


ExPERIMENTAL 


The compounds were prepared by mixing equimolecular proportions of brucine and 
the different acids in hot absolute ethyl alcohol. The solutions thus obtained were 
filtered and allowed to cool for sometime. The salts separated out on scratching 
and were purified by repeated recrystallisations. The compounds are generally 
highly soluble in chloroform, pyridine and glacial acetic acid, less so in alcohols 
and pratically insoluble in non-polar solvents. The purity in each case was 


confirmed by elementary analysis. 


I 

Brucine salts. % Nitrogen. % Halogen. 

M.P. Found. Calc. Found. Calc. 
o-Bromobenzoate 140-42° 4:39 4.70 13.40 13-45 
m- 127-30° 4-93 ” 13 34 
p- ” 162° 4.60 ” 13 10 ” 
o-lodobenzoate 148° 4-24 4.36 19 50 19.78 
m- ye 120° 4.00 ra 19.62 a 
p- 163° 4.20 19.37 


The rotatory power determinations were made in a 2dcem. jacketed polari- 
meter tube. All the observations were carried out at room temperature (30°). 


* Present address : St. Joseph’s College, Darjeeling. 
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DISCUSSION 
Nature of Rotatory Dispersion.—The rotatory dispersion of these brucine salts 
was determined in the visible region of the spectrum for eleven wave-lengths from 
AsrosA to Agssg4 in various solvents. The results are recorded in Tables III and IV. 


II 
Bruciue CHCl. Pyridine. EtOH. MeOH. Brucine CHC]s;. Pyridine. RtOH. MeOH. 
compounds. (52)* (12.4)* (25.8)*  (31.2)* compounds. (5.2)* (12.4)* (25.8)* (31.2)* 
*B —32.48 —82.79 —35.45 —40.00 o-Chloro-B* 359° 101.80 2180 2637 
6.898) (17 (7.341)t (8.039) (7.104°t (22. (4 201)% (4.715)F 
o-Amino-B* 1659 ' 103.60 40.00 §2.70 m-Chloro-B* 16 75 103.60 we 16 35 
(2.583) (23.79) (9456) (12.77) (2 896) (23 36) (2.861) 
p-Amino-B* 30.69 95.30 40.90 47.17 p-Chloro-B* 15.75 104.54 23.63 15.90 
(6.427) (20.46) (9,655) (10.36) (2.738)  {24.02) (4.725) (2.633) 
0-Iodo-B 28.25 71-50 o-Hydroxy-B +1950 47.27 
(5-395) («5 37) (3.938) (9.67) 
m-Todo-B 14-75 77 50 m-Hydroxy-B  ... 79.09 30.90 36.36 
(2.318) (17.34) (16.c7) (6.50) (7.24) 
p-Iudo-B 13.75 82.80 p-Hydroxy-B* ... 73-60 30.00 40.90 
(2.052) (17 85) (14 65) (6.233) (8.736) 
o-Bromo-B 32 75 88.50 17:09 o Nitro-B* —57.36 100.00 41.18 23.13 
(6.929) (18.46) (2.34) 19.665) (22.28) (7.989) (4.263) 
m-Bromo-B_ 17.50 85.00 m-Nitro-B* 13.13 97-27 
13.052) (17.39) (2.353) (21.25) 
pP-Bromo-B 16.75 8650 p-Nitro-B* 7.70 91.81 
(2.925) (17.86) (1.286) (19.38) 


B denotes benzoate. 
+ The figures in parenthesis refer to the dielect: ic constants of the soivent. 
t The figures in brackets refer to the rotation constants, K. 
* The values are taken from the Ph.D. thesis of Dr. S. P. Banerjee submitted to the University of 
Sauer (1957. 
Analysis of these data was carried out by methods suggested by Lowry (‘Optical 
Rotatory Power’’, Longmann, ch. XXXII). The rotatory dispersion of all these 


brucine salts has been found ‘simple’ as it follows Drude’s one-term equation, 


l= 


In this equation K and A, are constants and represent respectively the ‘absolute 
rotation’ of the substance under examination and the wave-length of the dominant 
absorption band of its molecule in the ultraviolet region of the spectrum. 

The observed values of the optical rotatory power for different wave-lengths very 
closely agree with the corresponding calculated values. The calculated values and the 
differences between the observed and tbe calculated values are omitted from these 
tables for the sake of economy of space. 

Effect of Solvent on the Rotaiory Power.-—The rotatory power of these salts has 
been determined in various solvents. For the sake of comparison, their specific 
rotatory power corresponding to Hgs4., line is recorded in Table II. From Table II 
the sequence of decreasing rotatory power appears to run exactly parallel to the decrea- 
sing order of the dielectric constants of the solvents, excepting for methyl] alcohol. 
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Taste III 


Brucine bromobenzoates. 


Solvent: MeOH Chloroform Pyridine 
Compound : 0- 0- m- 0- m- p- 
Cone. (g./rooc¢ c.) : 2.00 2.00 2.00 2.50 1.00 1.00 1.00 
[e] ... 2-340 6.929 3-052 2.052 18.46 17.39 17.858 
Calc. A¥I—0.124 A? =—0.133. -0.0894 A¥—0.0934  A?—0.0818 
A,fR) .. 0.3435 3163 0.3521 .3647 © 1990 0.3056 0.2805 
Line. Obs. [a]. Obs. [a]. Obs. [a]. Obs. [a2]. Obs. [a]. Obs, [¢]. Obs. [e]. 
~6.75° —19.50° —9 00° 6.00 —52.00° 48.50." — 48.50 
Cdga3s 7-75 22.00 10.25 7-40 57-00 54 00 53.50 
Ligiog 8.59 24.75 12.00 84> 65.50 62.50 60.00 
Naseg3 9 25 27.25 13-75 9-00 71.50 68.co 66.00 
Hgsrs0 10 7§ 28.50 15 00 10.20 75.00 72.00 69.00 
Hess 13.00 32-75 17.50 13.75 88.50 85.00 82.50 
Cdones 17.00 41.25 22.75 16.40 109.00 105.00 101.00 
Cdgigg 22.00 49-75 28.00 19.60 130.50 128.00 120.00 
23.25 53 50 32.00 24.cO 142.50 139.00 130,00 
Liggo2 24 50 57.50 35-00 26.00 151.00 147.00 137.00 
Hgsa98 32-50 70.00 46.25 36.00 183.59 180.00 165.00 
TABLE IV 
Brucine iodobenzoates. 
Solvent : Psridtas 
Compound : m- p- m- p- 
Conc. (g./100 c.c) : 2.00 2.00 2.50 1.00 1.00 1.00 
{{e] ... §.395 2.318 2.052 15.37_ 17.34 17-85 
Cale A2~0.107 A? 0.129 A2—0.133 a2—0.0778 A®—6.0744 A2—0 0818 
(a(R. © 3272 0.3592 0.3647 0.2790 0.2728 0.2860 
Line. Obs. [a]. Obs. [a]. Obs [a]. Obs. [a]. Obs. [a]. Obs [a]. 
Ligzog —1575° —7 25° —6.09° —40.50° —46.50° —48.50° 
17-50 7.40 45.50 51.00 53-50 
Ligue 19.50 9.25 8.40 50.50 58.00 60.00 
Nageq; 22.00 10 25 9.00 56.00 63.50 66.00 
Hgsrz0 23.75 11.25 10.20 60 00 65.50 69.co 
Hegsae1 28.25 14.75 13.75 71.00 77.50 82.50 
C5065 35-50 17.75 16.40 85.50 92.50 101.00 
Cdgrgg 42.25 23-00 19.60 103.00 110.00 120.00 
49-75 25-50 24.00 108.00 122.00 139.00 
Liiggoe §2.25 28.00 26.00 116.00 127-00 137-00 
65.00 38.c0 36.00 137.00 150.60 165.00 


Effect of Position Isomerism on the Rotatory Power.—In Table V the decreasing 
order of the specific rotatory power, [*]39«,, of the brucine salts in chloroform and 
pyridine is recorded. ‘The order of K is also given for the sake of comparison. 
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TABLE V 
Solvent. [al2%sy. K. [a 22%). K. 
Brucine bromobenzoates Brucine iodobe nzoates 
Chloroform p<m<un<o p<m<un<o p<m<o<un p<m<o<un 
Pyridine un<m<p<o un<cm<p<o o<m<un<p o<un<m<p 


In CHCl, the results agree with Frankland’s “lever arm’’ hypothysis (J. Chem. 
Soc., 1896, 69, 1538) as well as Cohen's rule (ibid., 1910, 97, 1732). Excepting for 
brucine bromo-benzoates, the order in pyridine is in agreement with Frankland’s 
hypothesis. However, Cohen's rule is operative in both the cases. A similar sequence 
follows when a comparison is made for the values of K, excepting for brucine 
iodobenzoates. In this case the decreasing order of K in pyridine is o<un<m<p. 
This is in conformity with both Frankland’s hypothesis as well as Cohen’s rule. 


Effect of Halogens on the Rotatory Power.—It appears from Table II that intro- 
duction of the iodine atom in the three isomeric positions of brucine benzoate depresses 
the rotatory power in all the solvents. On the contrary, the substitution of chlorine or 
bromine is found to enhance it in all the solvents under examination. Further, it will 
be ohserved that excepting for meta and para series in chloroform, where the order is 
Br >Cl >I, the sequence of rotatory power is Cl >Br >I. This sequence corresponds 
to the position of these elements in the periodic table. 


Effect of Substituent Groups on the Rotatory Power 


According to Rule (ibid., 1924, 125, 1122), when the substituent groups are arranged 
on the basis of their polarities, they follow a definite sequence which is referred to in the 
literature as ‘‘polar series’’ and that the order is OH~, Cl, Br, I, NH,, C.H;, CHs, H*, 
COOH, CHO, COCH;, CN, NO,*. These polar groups have a definite influence on 
the rotatory power of an optically active compound, It is found that the replacement of 
a hydrogen atom in an optically active compound by a positive substituent displaces the 


rotation in the opposite sense to that due to a negative substituent. Iuvari:bly the 
pos.tive group is tound to enhance the rvtation, whereas a negative group depresses it. 


Ortho-substitution.—Comparison of the values of [2]39,, and K ‘Table II) in 
chloroform shows that the substituents influence the rotatory power in the order: 
OH < NH,< 1< H< Br< Cl< NO,. Thus, excepting Cl and Br, other electronegative 
substituents influence the rotatory power in the opposite sense to that due to the electro- 
positive NO, group in conformity with the above-mentioned polar series. In pyridine the 
order of decreasing values of [2]32¢, and K isOH < 1< H< Br< NO,< Cl< NH. 
Here the groups Br, Cl and NH, will be seen to stand out. 

Meta-substitution.—On comparing the values of [2[32,; and K, the decreasing 
order in chloroform is NO,< 1< Cl< Br< H. Here the NO, group is found to behave 
abnormally. The effect of the three halogens is also not in the same order as given in 
the polar series. However, all of them depress the rotatory power. In pyridine the 
order is OH< H< I< Br< NO,< Cl. This order is in agreement with the polar series, 
excepting that for balogens, 
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Para-substitution.—A comparison of the values of [«]3$6, and K in chlor form 
shows that the decreasing order is NO.< IC CIC Br< H. This is in agreement with 
the polar series, excepting for NO,. Cl, Br and I, however, do not correspond in 
depressing the rotatory power to their electronegative nature. In pyridine the order is 
OH< H< I< Br< NO,< NH,< Cl. Here only the OH group is found to behave in 
the oppvsite sense from NO,, in conformity with Rule’s generalisation. 


The authors are grateful to the University of Saugar for providing research facilities 
and to the Ministry of Education, Government of India, for the grant of a senior 
research scholarship to one of them (S.P.B.). 
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SYNTHESIS OF CHROMONES FROM NITROHYDROXY- 
ACETOPHENONES 


By C. B. THANAWALLA, S. SESHADRI AND P. L. Trivep. 


Acetylation of uitrohydroxyacetophenones to the corresponding chromones has been effected. 
The acetylation by acetic anhydride in the presence of sodium acetate furnishes the 3-acetylchromones. 
The latter could be hydrolysed in acid medium to the corresponding deacetylated chromone deriva- 
tives. The acetylation of the acetophenones has also been accomplished by using boron fluoride gas 
asacatalyst. The chromones have been obtained by cyclisation of the intermediate B-diketones. 


Wittig, Bangert and Richter (Annalen, 1925, 446, 155) described the acetyla- 
tion of 2-hydroxy-3-nitro-5 methylecetophenone to yield 2 :6-dimethyl-8-nitro-3 acetyl- 
chromone, but they did not carry out the hydrolysis of the 3-acetylchromone. Recently 
Naik and Thakore (Proc. Ind. Acad. Sci., 1953, 817A, 765) reported the acetylation of 
§-nitroresacetophenone and 2-acetyl-4-nitroresorcinol, and hydrolysed the resulting 
3-acetylchromones with sodium carbonate to obtain the corresponding deacetylated 
chromones. They have also reported their failure in isolating any product from the 
acetylation of 3-nitroresacetophenone. Acetylation of -%hydroxy-3-nitro-5 methyl- (L, 
2-hydroxy-3-methyl-5-nitro- (II), 2-hydroxy-5-nitro- (III) and 3-nitrores- (IV) aceto- 
phenones has been reported herein. 

The acetylation by acetic anhydride in presence of sodium acetate yielded 3-acetyl- 
chromones (IA, IJaA, I1JA & IVA). As hydrolysis of the latter by alkaline reagents 
failed to furnish any definite product, these were hydrolysed by boiling under reflux 
with 10% H,SO, for 24 hours to the deacetylated chromones (In, IIs, IlJB & 1VB) 
in poor yields (about 20%). In the case of 7-hydroxy-8-nitro-3-acetyl-2-methylchromone, 
the yield was more than 60%. This appears to be due to the higher solubility 
of this compound in the reaction medium. 


x x x 
Z COMe Z i Z il 
O | O 
(1, 11, & IV] [Ia IIa, 11Ja & IVa] 11s, & IVs] 


( X=NO., Y=H, Z=Me 
| II, 1a X= Me, Y=H, Z=NO, 
III, & II's: X=H, V=H, Z=NO, 
IV, IVA &IVB: X= NO,, Y=OH,Z=H 


Attempted conversion of nitro-o-inethoxyacetopheones to 8-diketones by condensa- 
tion with ethyl acetate in presence of sodium failed. Walker and Hauser (J. Amer. 
Chem. Soc., 1946, 68, 2742) carried out condensation of nitroacetopheones with acetic 


> Jf 


SYNTHESIS OF CH OMONES FROM NITROHYDROXYACETOPHENONES 675 


anhydride in presence of boron fluoride to obtain the corresponding benzoylacetones. 
Condensation with nitro-o-methoxyacetophenones was next carried out according to 
Walker and Hauser to yield the A-diketones, which could not be purified. ‘These 
crude §-diketones, however, on keeping with hydrobromic acid in acetic acid or 80% 
sulphuric acid, furnished the chromones which showed that the o-OMe group was 
demethylated by boron fluoride. 


ExPERIMENTAL 


2 :6-Dimethyl-8-nilro-3-acetylchromone (IA) was prepared according to Wittig 
etal. (loc. cit.) and had the m.p. 145-145.5° as reported by them. Its 2 :4-dinitro- 
phenylhydrazone was crystallised from acetic acid, m.p. 243-44°. (Found: N, 16.4. 
Ci9H,s0,N; requires N, 15 9%). 

2:6-Dimethyl-8-nitrochromone (Ip) —Finely powdered (IA, 052.) was boiled 
under reflux for 24 hours with H,SO, ‘10%, 40 c¢.c.) amd then coo'ed. The solid 
obtained on filtration was crystallised from alcohol m.p. 182-83°. (Found : C, 60.1 ; 
H, 4.4. C,,H,O,N requires C, 60.3;.H 4.1%). 

2 :8-Dimethyl-6-nitro-3-acetylchromone ‘IIa).—A mixture of 2-hydroxy-}-methyl- 
5-nitroacetophenone (prepared according to Helmut et al., Ber., 1939, 72B, 1414) (2g.), 
fused sodium acetate (6 g.) and acetic anhydride (20 c.c.) was refluxed for 6 hours in 
an oil-bath at 160-70°. The hot mixture was poured on ice and the dark solid obtained 
on standing was crystallised from alcohol (charcoal), m.p. 139-40°, yield 1g. (Found: 
C, 69.5; H, 4.1. C,;H,,OsN requires C, 59.8 ; H, 4.2%). 

Its 2: 4-dinitrophenylhydrazone was crystallised from acetic acid, m.p. 259-60". 
(Found : N, 16.1. C,9H,,0sNs requires N, 15.0%). 

2: 8-Dimethyl-6-nitrochromone (Iln).—The chromone (ITA) (0 5g.) on treatment 
with 10% H,SO,, as mentioned in the case of (IA), afforded a white compound which 
on crystallisation from ethyl acetate furnished needles of (Ils), m.p. 170°, yield 0.08 g. 
(Found: C, 60.1 ; H, 4.0. C,,;H,O.N requires C, 60.3 ; H, 4.1%). 

2-Methyl-6-nitro-3-acetylchromone (IIIAj}.—A mixture of 2-hydroxy-5-nitroaceto- 
phenone (2g.), prepared according to Chhaya, Trivedi and Jadhav (J. Univ. Bambay, 
1957, 25, Part V, 8), fused sodium acetate (62.) and acetic anhydride (20 c.c.) was 
refluxed at 160-70° for 3 hours, ‘he brown mass, obtained on working up, was 
extracted with hot ligroin (b.p. 100-32°). On cooling, it furnished orange plates 
of (IIIA). It was crystallised from alcohol in light orange flakes, m.p. 141-42°, yield 
1.25g. (Found: C, 579; H, 3.5. C:2H,O;N requires C, 58.3; H, 3.6%). 

The 2:4-dinitrophenylhydrazone was crystallised from acetic acid, m. p. 235°. 
(Found: N, 16.5. C,,H:;0,N; requires N, 16.4%). 

2-Methyl-6-nitrochromone (IIIn).—The chromone (IITA, 0.5 on with 
10% H.SO,, afforded a white powder which was crystallised from ethyl acetate in white 
silky needles of (IIIs), m. p. 173°. (Found: C, 58.7 ; H, 3.8. C,.H;O,N requires 
C, 5£.6; H, 3.4%). 

7-Hydroxy-8-nitro-3-acetylchromone (IVa}.—A mixture of 3-nitroresacetophenone 
(6g.), prepared according to Seshadri and Trivedi (J. Org, Chem., 1957, 22, 1633), 
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fused sodium acetate (20 g.), acetic anhydride (60 c.c.) was heated at 140-50° for 
6 hours. The dark solid obtained on working up was extracted with ether, when a 
black residue was left behind. ‘The ether extract was dried and distilled. The pasty 
material obtained was dissolved in H,SO, (80%, 20 c.c.) and left overnight at room 
temperature (30°). On pouring it on ice-cold water, a brown solid was obtained which 
was crystallised from acetic acid (charcoal) in light brown needies of (IVA), m.p. 262°, 
yield 1.2 g. (Found: C, 54.4; H, 3.3. Ci2HsO.N requires C, 54.8 ; H, 3.4%). 

Its 2:4-dinitrophenylhydrazone was crystallised from acetic acid, m.p. 254°. 
(Found: N, 16.0. Calc. for C;,H,s;OoN;: N, 15.8%). 

7-Hydroxy-8-nitro-2-methylchromone ({Vs).—The preceding chromone (IVA, 0.5 g.) 
on hydrolysis with 10% H,S0O,, as above, yielded a white solid which was crystallised 
from acetic acid in light yellow plates of (IVs), m.p. 272°, yield 0.25 g. ‘The mixed 
m.p. with (IVA) was considerably depressed, while mixed m.p. with an authentic 
specimen of 7-hydroxy-&-nitro-2-methylchromone, prepared by nitration of 7-hydroxy- 
2-methylchromone (Mehta, Jadhav and Shah, Proc. Ind Acad. Sci., 1949, 29A, 314), 
was undepressed. 

Boron Fluoride Acetylation of the Ketones.—The boron fluoride-catalysed acetyla- 
tion reaction was carried out with the methyl ethers of the ketones (I, II and III). 
Methylation was carried out by the dimethyl sulnhate-acetone-potassium carbonate 
method ‘48 hours). 

2-Methoxy-3-nitro-5-methylacetophenone distilled at 192-94°/20 mm, m.p. 41-42°. 
(Found: C, 57.4; H, 5.1. CyoH,,0,N requires C, 57.4; H, 5.3%) 

2-Methoxy-3-methyl-5-nitroacetophenone distilled at 162-64°/1 mm, m.p. 65°. 
‘Found: C, 57.2; H. 5.2. CroH1:0,N requires C, 57.4% ; H, 5.3%). 

2-Methoxy-5-nilroacetophenone was crystallised from alcohol as needles, m.p. 96°. 
(Found: C, 55.0; H, 4.3.. CyH,O,N requires C, 55.4; H, 4.6%). 

Ace ylation in presence of Boron Fluoride.—Boron fluoride gas was passed rapidly 
for an hour through a solution of the methylated ketone (2.5 g.) and acetic anhydride 
(1.5 ¢.c.) in ethylene dichloride (3 ¢.c.) (ethylene dichloride was not used for the 
methyl ether of ketone I), cooled at 0° in the freezing mixture till saturated. The 
solution was allowed to stand at the same temperature for half an hour. The mixture 
was then refluxed with aqueous sodium acetate (13%, 75¢.c-) for 20 minutes, cooled 
and extracted with ether, The ether extract was dried and the solvent distilled. 
The residue was an oil which could not be purified. It was therefore kept overnight 
in contact with hydrobromic acid in acetic acid (35%, 5 ¢.c.). On pouring it in water 
a solid was obtained, which could be crystallised from alcohol (yield 0.4 g.). The com- 
pounds, thus obtained, were chromone derivatives. Use of 80% H.SO, in place of 
hydrobromic acid in acetic acid in the above treatment also afforded the same compounds. 

Mixed melting point of the Kostanecki-Robinson acetylation products with the 
corresponding chromone derivatives obtained through boron fluoride synthesis were not 
depressed thus showing that the products obtained from the Kostanecki-Robinson 
acetylation were chromones and. not coumarins. 
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SUBSTITUTED DICARBOXYLIC ACIDS. PART III. SYNTHESIS OF 
2-METHOXY-5-CHLORO-, 3-CHLORO-4-METHOXY-, 3:4- AND 
2:5-DICHLORUG-PHENYLGLUTARIC ACIDS 


By D. K. GENGE AND J. J. Trivepi 


2-Methoxy-5-chloro-, 3-chlorc-4 methoxy-, 3: 4- and 2: 5-dichloro-benzaldehydes have been con- 
densed with ethyl acetoacetate to afford ethy] benzylidene bis-acetoacetates which on alkaline hydrolysis 
furnish 2-methoxy-5-chloro-, 3-chloro-4-methoxy-, 3 : 4- and 2: §-dichloro-yxlutaric acids. 


Synthesis of some substituted succinic acids was reported previously (Trivedi et al., 
this Journal, 1957, 84, 915 ; 1950, 36, 54). Michael (Amer. Chem. J., 1887, 9, 114) 
prepared #-arylglutaric acid by the saponification and decarboxylation of the tri-ester 
obtained by the addition of malonic ester to cinnamic esters. Knoevenagel (Annalen, 
1898, 808, 223) reported the fermation of 8-(m-nitrophenyl)- and 8-(p-nitrophenyl)- 
glutaric acids by the cleavage of the corresponding ethyl nitrobenzylidene bis-aceto- 
acetates. Smith and Kort (J. Amer. Chem. Soc., 1950, 72, 1£77) condensed substituted 
aromatic aldehydes with ethyl acetoacetate and cleaved the substituted ethyl 
benzylidene-bis-acetoacetates with alcoholic alkali to yield substituted (-arylglutaric 
acids. Smith and Shelton (ibid., 1954, 76, 2731) used this method for the preparation of 
B-thieny]- and §-furyl-glutaric acids. Nargund et al. (J. Karnatak Univ., 1956, 1, 56) 
have used it for the preparation of 2:4-dichloroglutaric acid. Following the method 
of Smith and Kort (loc. cit), 2-methoxy-5-chloro , 3-chloro-4-methoxy-, 3:4: and 
2:5-dichjoro-benzaldehydes have been condensed with ethyl acctcacetate and the 
resulting ethyl benzylidene-bis-acetoacetates hydrolysed to 2-methoxy-5-chloro-, 
3-chloro-4-imethoxy-, 3 :4- and 2 :5-dichloro-glutaric acids. 


ExPERIMENTAL 


2-Methoxy-s-chloro- and 3-chloro-4-methoxy-benzaldehydes were prepared as 
described previously (Trivedi et al , loc. cit.) ; 2:5-dichlorobenzaldehyde was prepared 
by Beech’s method, as described by Nargund et al. (loc. cit.) ; 3 :4-dichlorobenzaldehyde 
was of Eastman’s practical grade. 


Substituted aldehydes were condensed with acetoacetic ester in presence of piperidine 
and the ethyl benzylidene-bis-acetoacetates were hydrolysed by alcoholic sodium 
hydroxide, as described by Smith and Kort (Joc. cit.). The glutaric acids and their 
derivatives -re tabulated below. M.P.s are uncorrected. 


“ 
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Compound. 


Diethyl 8-2-methoxy-5-chloro- 
phenyl-ay-diacetoglutarate 


8-2-Methoxy-5 chlorophenyl- 
glutaric acid 


Di-p-toluidide of (2) 
Dianilide of (2) 
Imide of (2) 
Anhydride of (2) 


Mono-p-toluidide of (2) 


Diethv1 B-3-chloro-4-methoxy- 
pheny!-ay-diacetoglutarate 


8-3-Chloro-4-methoxy- 
phenylglutaric acid 


Di-p-toluidide of (9) 
Dianilide of ‘g) 
Imide of 9) 
Anhydride of (9) 


Mono-p-toluidide of (9) 


Diethy! 8-3 : 4-dichloropheny1- 
ay-diacetoglutarate 


p-3 :4-Dichlorophenvyl glutaric 
acid 

Di-p-toluidide of (16) 
Dianilide of (16) 

Tmide of (16) 

Anhydride of (16) 
Mono-p-toluidide of (16) 


Diethyl 8-2 :5-dichlorophenyl- 
ay-diacetoglutarate 

8-2 :5-Dichlorophenylglutaric 
acid 

Di-p-toluidide of (23) 
Dianilide of (23) 

Imide of (23) 

Anhydride of (23) 


Mono-p-toluidide of (23) 


GENGE AND J. J. 


TABLE I 
Crystal shape. 


Needles from alcohol 


Granules from hot 


water 

Needles from dil EtOH 
Do 
Do 


Shining needles from 
benzene-petrol 


Needles from dil. EtOH 


Do 
Granulcs from hot water 


Needles from dil. EtOH 
Do 
Needles from hot water 


Needles from benzene- 
petrol 


Powder from alcohol 


Needles from dil. ELOH 
Granules from hot water 


Needles from dil EtOH 
Do 

Needles from hot water 

Needles from benzene 

Needles from EtOH 


Needles from benzene- 
petrol 


Granules from hot water 


Needles from EtOH 
Do 
Needles from water 


Needles from benzene- 
petrol 


Powder from EtOH 


190° 


TRIVEDI 


Formula. % Chlorine. 
Found. Calc. 
Co9H507Cl 8.4 8.6 
C)gH)305Cl 13.1 13.0 
(123.0) (136.3) 
8.0 7:9 
CgH303N,Cl 86 8.4 
13.9 140 
14.2 14.0 
10.0 9.8 
.0) (361.5) 
CopHg507Cl 8 7 8.6 
CigH)30;Cl 13.2 13.0 
(138.0) (136.3) 
CogH703N,C1 8.2 7-9 
8.5 8.4 
CyoFT)gO3NCI 14-2 140 
13.8 14.0 
(365.0) 361.5) 
Cy gH ly 16.8 17.0 
Cy Hyp 257 25.6 
(14 .0) {138 5) 
154 15.6 
16.8 166 
27-5 27-5 
Cy 27.6 27-4 
196 19-4 
(364 0) (366.0) 
ly 168 170 
254 25.6 
(141.0. (138.5) 
15 8 1 5.6 
16.7 166 
Cy 27-4 27-5 
Cy, Hg03Cly 27.2 27-4 
CigHy7O3NCl, 197 194 
(363.0) (366 0) 


N.B. Figures in parantheses in the last two columns refer to equivalents. 


The authors thank the Ahmedabad Education Society for facilities, Principal 
Dr. R. D. Desai for interest in the work and the Government cf India for a research 
grant (to J.J.T.). 
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FRIES ISOMERISATION OF PROPIONYL AND n-BUTYRYL ESTERS 
OF UMBELLIFERONE 


By D. N. SHAH AND S. J. CoNnTRACTOR 


On the application of the Fries reaction to 7-propionoxy- and 7-n-butyroxy-coumarins, hitherto- 
unknown 8-propiony}- and 8 n-butyryl-umbelliferones have been obtained. 


Shah and Shah (J. Org. Chem., 1954, 19, 165") have reported the Fries migration 
of acetyl and benzoyl esters of umbelliferone which was found to yield 8-acyl derivatives. 
We have now extended the above work and studied the Fries reaction of 7-propi- 
onoxy- and 7-n-butyroxy-coumarins with a view to obtaining hitherto-unknown 8-pro- 
pionyl- and 8-n-butyry]-umbelliferones, required in large quantities as starting materials 
in another investigation. 

The product obtained on heating 7-propionoxycoumarin with anhydious aluminium 
chloride under the conditions of the Fries reaction has been assigned the structure, 
7-hydroxy-8-propionylcoumarin as (i) it responds to colour test with alcoholic 
ferric chloride, indicating OH and — COR in ortho position ; (ii) on alkaline hydrolysis, 
it affords 2-propionylresorcinol ; (iii) on treatment with alkali and dimethyl sulphate 
according to Shah and Shah (J. Univ. Bombay, 1938, 1, 27), it furnishes 2:4-dimethoxy- 
3-propiony Icinnamic acid. 

The mother-liquors aiter the separation of the above migration product were pooled 
together, but no other product could be isolated on working them up. It is interesting 
to note that in the case of acetyl esters, a small quantity of 6-acetyl isomer has been 
obtained (Shah and Shah, loc.cit.). 

Similarly, the product obtained from 7-n-butyroxycoumarin has been assigned the 
structure, 7-hydroxy-8-n-butyrylcoumarin, on the grounds as above, 

Various functional derivatives of hydroxyl and acyl groups in the keto-coumarins 
have also been prepared. 


EXPERIMENTAL 


Modified Method of Preparation of Umbelliferone.—An intimate mixture of resor- 
cinol (100 g.) and malic acid (122 g.) was taken in a two litre short-necked r.b. flask 
and H,SO, (conc., 240 c.c.) was added to it. ‘The contents of the flask were well shaken 
and’ placed on a water-bath (95-—100°) until the mixture completely solidified to a 
straw-coloured mass. It was loosened by a glass rod and the mixture was stirred mecha- 
nically while heating the flask in an oil-bath at 120-25° for 30 minutes only. The 
stirring was continued for 5 minutes more after removing the flask from the oil-bath. 
At the end, an orange solution was obtained, After cooling it to room temperature, it was 
treated with crushed ice with constant stirring. An orange-red solid was obtained, which 
was filtered and washed with water, m.p. 225-26°, yield 62.0g. The product was pure 
enough for further work. (The yield depends on strict regulation of the temperature. 
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If the temperature is lower, the reaction remains incomplete ; if it is allowed to go far 
up, charring takes place). 

Fries Rearrangement of 7-Propionoxycoumarin: Formation of 7-Hydroxy-8-pro- 
pionylcoumarin.—7-Propionoxycoumarin was prepared by heating 7-hydroxycoumarin 
(3 g.) and propionic anhydride (3 c.c.) in presence of pyridine (2-3 drops) for 4 hours 
on a water-bath. The product, isolated as usual, was crystallised from ethanol in long 
flat needles, n.p.94°, yield 2.3g. (Found: C, 66.00; H, 4.61. C,,H,.O, requires 
C, 66.05 ; H, 4.62%). 

7-Propionoxycoumarin (2.2 g., 1M) and anhydrous aluminium chloride (4.5 x., 
3.3 M) were intimately mixed and heated in an oilebath at 150-60° for one hour, pro- 
tected with CaCl, guard-tube to prevent access of moisture. HCl gas was evolved. 
The reaction mixture was then treated with ice and HCI (conc., 5c c.’. The solid thus 
obtained was collected, washed with water and crystallised from etlanol in colorless 
needles, m.p. 168°, yield 1.0g. (Fourd: C, 65.05; H, 4.61. Cy,HioV, requires 
C, 66.05 ; H, 4.62%). 

It develops a brown colour with alcoholic ferric chloride, and dissoives in H,SO, 
(conec.) and alkali with a yellow colour. 

The aceiyl derivative, prepared by acetic anhydride and sodium acetate method, 
was crystallised from ethanol in colorless flat needles, m.p. 110°. (Found: C, 614.56; 
H, 4.65. C.4H,.0; requires C, 64.61 ; H, 4.65%). 

The ethoxy derivative, prepared 2s usual, was crystallised from ethanol in white 
needles, m.p. 104°. ‘Found: C, 68.23; H, 5.72. C,H,.O. requires C, 68.28 ; 
H, 5.73%). 

The semicarbazone, prepared as usual, was crystallised from ethanol as granules, 
m.p. 235° (decomp.). (Found: N, 15.26. C,,H,;0,N; requires N, 15-27%). 

The 2:4-dinitrophenylhydrazone, prepared as usual, crystallised from ethanol in 
orange-yellow needles, m.p. 215°. (Found: N, 14.00. C,,H,,O,N, requires N, 14.07%). 


Formation of 2:4-Dimethoxy-3-propionylcinnamic Acid.--To 7-hydroxy-8-propiony]- 
coumarin (1 g.), dissolved in minimum quantity of acetone, KOH (10 c.c., 3N) was 
added and the mixture heated on.a water-bath for some time. Heating was continued for 
4 hours, adding dimethyl sulphate (5¢.c.) every half hour and keeping the mixture 
alkaline throughout. It was cooled, acidificd and the resulting solid was collected, 
which on being treated with sodium bicarbonate solution dissolved with effervescence. 
The bicarbonate solution was filtered and the filtrate on acidifying afforded a white 
solid, which was collected, washed with water and crystallised from ethanol as white 
needles, m.p. 134°. (Found: Equiv., 263.3. C,,Hi,O; requires equiv., 264.0). 

Hydrolysis of 8-Propionyl-7-hydroxycoumarin.—The ketv-coumarin (1 g.) was 
refluxed wiih 10% alkali (20 c.c.) on a sand-bath for nearly 4 hours. The solution was 
then acidified and the solid obtained was collected and crystallised from ethanol, m.p. 
139°. It was found identical with an authentic sample of 2-propionylresorcinol in all 
respects (mixed m.p.). 

Fries Rearrangement of 7-n-Butyroxycoumarin : Formation of 7-Hydroxy-8-n-butyryl- 
coumarin.—7-n-Butyroxycoumarin, prepared as before using n-butyric anhydride (3 c.c.), 
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was crystallised from ethanol in clusters of needles, m.p. 75°. (Found: C, 67.19; 
H, 5.20. (C,3H,,0, requires C, 67.23 ; H, 5.21%). 

A mixture of 7-n-butyroxycoumarin (2.5 g., 1M) and anhydrous aluminium chloride 
(4.5 g., 3-3 M) was heated at 150-60° for 1 hour (CaCl, guard tube). On working it up 
as before, a solid was obtained, which crystallised from ethanol in needles, m.p. 118°, 
yield 2g. It responds t» colour reactions as in the case of propionylcoumarin. 
(Found : C, 67.20; H, 5.20. Cale. for C;;H,,0,: C, 67.23 ; H, 5.21%). 

No other product could be isolated from the mother-liquors after the removal of 
7-hydroxy-8-n-butyrylcoumarin. 

The acetyl derivative, prepared a3 before, was crystallised from ethanol in white 
needles, m.p. 115°. (Found: C, 65.66 ; H, 5.14. CisH.,Os requires C, 65.69; H, 5.15%). 

The ethoxy derivative was crystallised from benzene in white needles, m.p. 97°. 
(Found: C, 69.20 ; H, 6.19. CisHisO, requires C, 69.21 ; H, 6.20%). 

The semicarbazone was crystallised from ethanol in pale green granules, m.p. 
255° (decomp.). ‘Found: N, 14.50. C,4H,s;0,N; requires N, 14.53%). 

The 2:4-dinitrophenylhydrazone was crystallised from ethanol in needles, m.p. 210°. 
(Found: N, 1357. CioHi.V0,N, requires N, 13.50%). 

The work described in this paper was carried out in the Chemistry Department 
of M.G. Science Institute, Ahmedabad-9. The authors thank Dr. N. M. Shah for his 
interest and helpful suggestions during the course of the work and the Ahmedabad 
Education Society for facilities. 

DEPARTMENT CHEMISTRY, 


J & J COLLEGE, NADIAD AND 
St. Co_LeGe, AHMEDABAD-6, Received April 21, 1959. 
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SHORT NOTES 


' VERIFICATION OF THE EXPONENTIAL LAW OF SPACING OF 
PERIODIC PRECIPITATIONS IN LEAD-IODATE SYSTEM 


By Prem BEHARI MATHUR* AND C. L. SANGHI 


Little quantitative work seems to have been carried out so far on Liesegang rin, 
phenomenon (Stern, Chem. Rev., 1954, 94, 81 ; Jablznsky, Bull. Soc. Chim., 1923, 
33, 1592; Wagner, J. Colloid Sci., 1950, 5,85 ; Chatterji, Presidential address, Indian 
Science Congres, Chemistry Section, 1958). One of the authors (P.B-M.) has recently 
obtained the following law of spacings (D. Phil. thesis, University of Allahabad, 1956, 
p. 46) for Liesegang ring phenomenon: 

2£Xn 
Xn-,) = K.e 
where X, and Xn-, are the distances of any two consecutive rings from the diffusion 
level, and K and « are the constants at a particular temperature. Constant K is given as 


K = k’, 
where s is the solubility product of the sparingly soluble substance, and Ce and C’o are 


the initial concentrations of the two reacting ions, and k’, another constant specific 
for the system. Above equation can be written as 


log (Xa = Constant + aX. see (2) 


The plot of log (X.—Xn-,) against X, would therefore furnish straight line curves. 
The law has already been verified for silver-chromate system in gelatin gel (Mathur, 
loc.cit.). The law stands accurately at low concentrations of the gel where disturbing 
factors are minimum. The effect of ionic concentration and solubility product on the 
spacings of the rings was studied in silver-chromate system. In the present paper the 
equation (2) for spacings has been verified for lead-iodate ring system produced in 
agar-gel. 

Procedure.—1% Agar-gels, impregnated with 0.01M, 0.0133M, 0.02M and 0.04M 
potassium iodate are set in four sets of test-tubes of }cm bore and of 8cm length. 
After 24 hours, 5 c.c. solutions of 5% and 10% lead nitrate or acetate are placed in each 
set of two test tubes over the set gel. The test tubeS are corked and left undisturbed 
in strong diffused light. Sharp white discs of precipitate are obtained up to two-third 
length of the test tubes after five days. 


Sharp rings were produced in test tubes containing 0.02M and 0.04M concentrations 
of potassium iodate ; beyond this range either no ring formation took place or the rings 
were hazy. The rings were measured by a cathetometer and the data were collected for 


*Present address: Central Rlectrochemical Research Institute, Karaikudi-3, Madras. 
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clear ring systems. The plots for systems containing 0,02M, 0.04M potassium iodate 
and 5% and 10% of lead nitrate gave straight line curves quite accurately in spite of the 
fact that several disturbing factors were involved during the formation « f Licsegang 
rings, 


Fic. 1 
I, ©-02m # 67 
c-oam *| sewer scave 
$ 
2 a 2 
le 1 2 
xn 


It has been pointed out earlier (loc.cit.) in the case of siiver-chromate system, 
that periodic fluctuations in teimperature during day and night affect the constants 
of the equation, and so a slight periodic displacement would also be scen in the points 
of the graph. ‘This effect could be eliminated in an air-conditioned room, as was 
done in previous studies. The present work has, however, been carried out at ordinary 
atmospheric conditions. The average difference between maximuin and minimum 


temperature was 12° to 13°. 


DEPARTMENT OF CHEMISTRY, 
BirLA COLLEGE OF SCIENCE, PILAN 
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A Monumental Work | Published March 1956 


A book that should find place on the shelves of every Library 
HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 
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HISTORY OF HINDU CHEMISTRY 
by Acharya Prafulla Chandra Ray 


Edited by Pror. P. Ray 
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Some Opinions : 

Nature, January 5, 1957. 

“Since there is much new material in the book, all those who are fortunate — to 
have the earlier edition will wish to have the new one. 

All those interested in the History of Chemistry owe a debt of gulivale to Prof, P. “Ray 


and the Indian Chemical Society for its publication’’. 
J. R. Partington. 


Journal of Chemical Education, February, 1957: 

Teenie Professor Ray, in his carefully constru®ted revision of Prafulla Chandra Ray’s 
standard ‘History of Hindu Chemistry’ has given us a highly informative and interesting des- 
eription of Indian Chemistry, In chronological order, the contributions of Indians to chemistry 
have been recorded from the Harappa period of the fourth millennium B.C. to the end of 
Mogul culture.........+++++ Many of the ideas described make delightful reading for the average 
chemist with a historical bent............ chemists and historians of chemistry will find in this 
book a valuable assessment of ancient Indian chemit'y and culture’’. 

ISIS-Vol. 49, p. 362, Sept., 1958. 

Of cavnnes ssseeeese. this new book is very valuable both as a re-edition of an out-of-print 
classic collection of fundamental data and as a presentation of much well illustrated documen- 
tation of Indian achievements in the practical arts in the field of chemistry, according to the 


archeological findings’’. 
J. Filliozat. 
XII 


J.1.C.S., Sept, 1950. 


our reputation here 


extends to every Whatman filter paper 


As with Whatman Papers for chromatography . . . so with those for 

routine filtration. All Whatman Filter Papers are manufactured to the unvarying 
high standard that has made the chromatography range renowned the world over. 
Critical attention is given to the quality of the raw materials . . . 

production control is in the hands of technicians and craftsmen who can call 

on more than a century's experience of first-class paper making. 

It is the result of their skili that completely reliable papers of different 

physical properties can be-supplied for all routine filtration procedures. 

The range is discussed in the “Filtration Section” of the Whatman catalogue. 


Please write for a copy of this and of the “ Buyers’ Guide.” 

You will find them a useful guide to routine laboratory practice. 

H. REEVE ANGEL & CO LTD 

9 BRIDEWELL PLACE, LONDON, ECt also at 52, DUANE STREET, NEW YORK 7 


sole distributors of 


WHATMAN FILTER PAPERS 


Manufacturers W. & R. Balston, Lid 


XIII 


a - 
6 
: 4 
y 
, 


J.LGS., Sept , 


1959: 


BRAUN 


& 


MAIHAK 


HEWLETT OB Packard 


SCHMIDT 


KIPP & 


OELFT-HOLLAND 


ZONEN 


ROTA 
= LL 7 LEEDS 


HOSKINS ) MANUF 
Compant ABoR ATOR! 
D 
NUCLEAR CHICAGO €) 
CHE 


instruments which ean be made 


LATEST SCIENTIFIC INSTRUMENTS 
From 
World Renowned Manufacturers 


‘The dist uished roster is indicative of the quality and the variety of 
through SICO - - one of 


the oldest houses in this trade. 


Comprehensive leaflets, asd on she istraments of 


requirement can be had on request from any of the offices listed below : 


a Scientific Instrument Company Limited 


Road, 


Ajmeri Gate 
NEW DELHI—1.. 


Z 
AOD 


ZQ 


PP 


we 


us. 

a x 

GLAS 
( ) WILK. 

ie XIV 


PRESIDENT : 
K. VENKATARAMAN, D.Sc., F.N.I. 


VICZ-PRESIDENTS : 
( who have filled the office of President } 
P. K, Bose, D.Sc., F.N.I. J. N. Moxuerjez, C.B 
N. R. Diar, D.Sc., Dr.us.Sc., F.R.LLC., F.N.I'] Mara Prasan, D.Sc., F.R.LC., F.N.I. 
B. C. D.Sc., F.N-I. J. N. Ray, O.8.E.. D.Se., F.R.LC., 
P. KAy, M.A., F.N.B. 
C. Guma. D-Sc., F.N.t. B. K. SINGH, Sc.D., F.R.LC., F.N.I. 
VICE-PRESIDENTS : 
B. N. Guosu, D.Sc., F.N.I. V. SusRAHMANYAN, D.Sc.. F.R.I.C., F.N.I. 
P. B. SARKAR, Dr.k&s Sc., F.N.I. S. S. Josu1, D.Sc., F.N.1. 
President of Banaras Branch !ex-officio), 
HONY. SECRETARY : HONY. TREASURER : F 
M. M. M.Sc., Pu.D. D. CHAKRAVARTI, D.Sc., F.N.I. 
MEMBERS OF THE COUNCIL : 
N. ApDHIKARI, M.Sc. R. P. Mirra, D.Sc., F.N.I. 
J. C. BARDHAN, D.Sc. S. M. Muxueryj!, D.Sc., F.N.1. 
A. K. Buatracaaryva, D.Sc., F.R.1.C. S. N. D.Sc. 
Mrs. AsHIMA CHATTERJEE, D.Sc, P. V. Narr, M.Sc., D.Pa. 
B, CHATTERJEE, D.Sc. A. B. Sen, Pa.D. 
A. C. Cuarreryjr, D.Sc., Dr. Inc. B. Prasap, D.Sc., F.N.I. 
R. D. Desar, D.Sc. F. R. I.C., F.I.1.Sc., R. C. Swan, D.Sc., F.N.I., F.R.LC. 
; F.A.Sc., F.N.I. | B.S. SRIKANTAN, D.Sc. 
K. S. G. Doss, D.Sc., F.N.L., F. R.L.C. L. M. YEDDANAPALLI, M.A., Ph.D., D.Sc., 
F, Inst. P. F.R.I.C, 
J. Gupta, D.Sc. S. H. M.A., Ph.D. 


T. N. Menta, M.Sc., Pa.D. 


HONY. EDITORS": 


D. K. Banerjee, D.Sc. 
A. N. Kappanna, D.Sc. 


BOARD OF ASSOCIATE EDITORS : 


S. M. Moxueryji, D.Sc., F.N.I. 


U. P. Basu, D.Sc., F.N.I. . N. MoKHerjge, D.Sc. 


Mrs. A. CHarrerjEE, D.Sc. P. Ray, M.A., F.N.I1. 

B. CHATTERJEE, D.Sc. S. P. D.Sc., Pa.D., F.N.L, 
P. C. Dura, D.Sc. 
B. C. Guna, D.Sc., Pa.D., F.N.I. P. B. SarKar, Dr.xs. Sc., F.N.I. 

S. S. Josu1, D.Sc., F.N.I. R. C.SHAug, D.Sc., Pu.D., F.N.I., F.R.I.C, 
R. P. Mirra, D.Sc.,F.N.I. S. H. Zanker, M.A., PH.D. 


HONY. AUDITORS : 


P: C. M.A., B.Sc., 
Asst. EpITor 


K. L Muxnerjee, M.Sc. G. Banerjee, M.Sc, 


Regtd. No.:C1878 


ZEISS ABBE COMPARATOR 


Measuring Range—200 millimeters. 


SOLE AGENTS: 


For the precise measurements of Spectrograms and other minute 
lengths and linear“graduations. 


Reading direct to 1/roooth of a millimeter. 
By estimation to 1/rooooth of a millimeter. 


GORDHANDAS DESAI PRIVATE LTD. 


P-7 Mission Row Extension, 
CALCUTTA 1. 


Branches : 


4/2B, Asaf Ali Road, 
NEW DELHI. 


PHEROZESHAH MEHTA ROAD, BOMBAY-i 


22, Linghi Chetty Street, 
MADRAS 1. 
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